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ABSTRACT 

This volume, Volume Ml of a three-volume report, is the User's 
Manual for the Canadian Storm Water Management Model developed for 
Fisheries and Environment Canada and the Ontario Ministry of the Environ- 
ment. 

This Canadian study has expanded the capabilities of the 
original SWMM (U.S. Environmental Protection Agency). Methods of 
aggregating the properties of individual subcatchmen ts into a single 
equivalent catchment are described. These can lead to a considerable 
reduction in data preparation and computer processing time. A genera- 
lized quality model was developed, based on SWMM equations and using the 
simplification obtained in the aggregating techniques. Snowmelt quantity 
and quality models have been integrated with the SWMM. Methods of intei — 
facing the SWMM and STORM (U.S. Army Corps of Engineers) models have been 
discussed and demonstrated, and a fully operational package of models, 
capable of simulation of all aspects of storm water flow and quality, has 
been prepared for application to Canadian conditions. 

User information on the setup and operation of the entire 
model, as well as setup and use of the individual program blocks, is 
presented in this manual. Reference is made to the U.S. Environmental 
Protection Agency User's Manual, where necessary, to avoid duplication. 



RESUME 



Le present volume, le dernier d'une serie de trois, est un 
manuei d ' ut i 1 i sat ion de la version canadienne du Storm Water Management 
^^°^^ ' (SWMM) , mise au point pour PSches et Env i rcnnement Canada et le 
ministere ontarien de 1 'env i rcnnement , 

La presente fetude canadienne a permis d'accroTtre le potentiel 
du module original SWMM de 1 ' Envi ronmenta I Protection Agency des Etats- 
Unis. Le rapport indique comment rassembler les proprifetds d ' un certain 
nombre de sous-col lecteurs en un seu) collecteur Equivalent. Cette 
m^thode pourralt rSduire consi dferablement le temps n6cessaire S la prepa- 
ration et au traitement des donnees. Un module qualitatif g^n^ral a §t6 
mis au point 3 partir des equations du SWMM et grace aux simplifications 
fournies par les techniques de rassemb lament. Des modules quantitatifs 
et qualitatifs des eaux de fonte ont pu s'integrer au SWMM. On a examine 
et dgcrit certaines metiiodes permettant de relier le SWMM et le moddle 
STORM ( U.S. Army Corps of Engineers ). Par ailleurs, on a prepare un 
ensemble de modules entiSrement fonct ionnel s , part icul iSrement adaptfes au 
milieu canadien et qui peuvent simuler tous les aspects de i '^coulement 
et de la quality des eaux pluviales. 

Le pr&sent volume renseigne les utilisateurs sur I 'organi sat ion 
et 1 'exploitation de modaie ainsi que des divers blocs de programmes. 
Pour feviter les redites, le manuei renvoie parfois le lecteur un User's 
Manua 1 de I ' Environmental Protection Agency des E.-U, 
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U INTRODUCTION TO THE CANADIAN VERSION OF SWMM 
J *■' I n t roduct i on 

The Canadian version of ttie Storm \Jater Management ftodel is the 
result of a joint study undertaken by the firms of Proctor and Redfern 
Limited and James F. MacLaren Limited, sponsored by Fisheries and 
Environment Canada and the Ontario Ministry of the Environment under the 
Canada-Ontario Agreement on Great Lakes Water Ijuality, The changes and 
modifications made to the SWMM in this study created the need for 
additional documentation to enable users to employ the Canadian SWMM. 
This User's Manual constitutes Volume I I I of the documents prepared under 
the terms of the SWMM study. It is based upon the U.S, Environmental 
Protection Agency User's Manual - Version II [1], and certain portions of 
the Canadian manual were duplicated from the tPA Manual, with the kind 
permission of the U.S. Environmental Protection Agency. This was done 
where there were no changes or modifications made to the basic SUMh 
rout ineso 

It was intended that the Canadian User's Manual would be useful 
to Canadian modellers in two v;ays : 

1) For an inexperienced modeller, the Canadian version and EPA 
Version II manuals would be used together. The EPA Version 
II manual would provide additional information on para- 
meters, calibration, set-up and use of those portions of 
the SWMM in which no changes were made. 

2) Once a user has become familiar with the SWMM theory and 
application, then the Canadian User's ilanual would provide 
enough information to run the model on a day-to-day basis. 
This would obviate the necessity of having to refer to two 
separate documents at all times. 

A brief review of the terms of reference for the overall SWMM study, and 
the structure of the report is contained in the following sections. 

1 „ 2 Terms of Reference and Major Activities 

Based on consideration of the state-of-the-art in IS?**, the 
Storm and Combined Sewers Subcommit.ee prepared detailed terms of 



reference and specified the objectives of this study. These objectives 
were grouped into four major areas, as follows: 

1) to review and niod i f y the U.S. Environmental Protection 
Agency Storm Water Management flode I (SUMM) for Canadian 
Condi t ions; 

2) to select and modify a submodel for the simulation of 
quantity and quality of runoff resulting from snowmelt; 

3) to deveiope or modify a data analysis submodel capable of 
extracting the meteorological input from existing data 
banks ; 

h) to select and modify a high speed model for simulation of 
frequency of discharges and overflows, with the capability 
of using output from the Data Analysis submodel as input. 

I .3 Structure of Report 

The report is divided into three volumes, as follows; 

Volume I - Final Reporf- 
Volume II - Technical Backgrounds- 
Volume III - User's Manual 

Volume I gives a description of test applications, sensitivity analyses 
for existing SWMM routines, suggested modifications and simplifications, 
and a description of new programs. A technical reader will no doubt wish 
to read ail of the volume. A general reader should be able to obtain a 
good appreciation of the study by reading only the Summary, Basic 
Concepts (Chapter I) and the Conclusions and Recommendations (Chapter 
13)- The Final Report is, for convenience, divided into five parts: 

i ) I ntroduct ion 

2) Application of the SWMM on Canadian Watersheds 

3) Modifications to the SWMM and Auxiliary Routines 

4) Interfacing the SWMM with Continuous Simulation Models 

5) General Conclusions and Recommendations. 
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Volume II describes previous research and reviews critically the state-of- 
the-art for the benefit of more technically oriented readers. The seven 
sections are as follows: 

1) Comparative Analysis of Routing Models 

2) Comparative Analysis of Water Quality Models 

3) Literature Survey - Urban Runoff Quality 
k) Literature Survey - Snowmelt Quantity 

5) Literature Survey - Snowmelt Quality 

6) Data Collection - Study Areas 

7) Treatment Processes. 

Volume III is the User's Manual for the Canadian version of SWMM, and 
also for the Data Analysis Program, the Generalized Water Quality Model, 
and the STORM Model, These models were applied and tested in this study 
and are discussed in Volume I. 

Computer tapes containing SWMM, the Data Analysis Program, the 
Generalized Runoff Quality Model, and STORM are available from the Water 
Resources Branch of the Ontario Ministry of Environment, A blank tcipe 
order sheet is provided in Appendix E of this volume. 
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2. INITIAL JOB SET-UP 

2. 1 Computer System Requirements 

The Storm Water Management Model can be run on a machine having 
core storage capacity of at least 350K bytes (or equivalent) and using 
overlay structures. In addition, the program uses peripheral SKjrage 
devices which may consist of disc, tape, or drum units, depending on the 
machine configuration. 

2.2 Program Compilation and Execution Time and Cost 

A sample of typical execution times with run costs for separate 
program blocks is shown in Table i. These costs include the savings 
which were made by storing compiled blocks of the program in a permanent 
job library {Load Modules). At most computer installations, there is a 
daily or monthly charge for storing Load itodules. If the SWMM is to be 
used more than a few times per month, it would be advisable to use Load 
flodu les. 

From the CPU and Execution times in this table, a time and cost 
estimate can be arrived at for different machines by a systems analyst. 

2.3 Job Control Language (JCl) 

The assignment of logical units requires, in general, the 
provision for files to be written on specific physical devices. To 
accomplish this, the user must supply the necessary JCL. As a rule, JCL 
is highly machine dependent; in fact, it often differs on two identical 
machines at different installations. Therefore the SWMM cannot include 
JCL that is universally applicable. The following remarks, however, may 
be useful in gaining an insight into what is involved on systems such as 
an IBM 370/168. 

It is convenient on these machines to use disc storage devices 
rather than tape units because of the inherently faster reading and 
writing speed of the former. At most installations, the logical unit 
corresponding to the card reader is given the number 5 and the line 
printer is given the number 6. The Storm V/ater Management Model is 
programmed on the assumption that units 5 and 6 are so used. Typically, 
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the system programmers have provided the necessary JCL for these units 
and also for the card punch (usually given the logical unit number of 7). 
Moreover, JCL may have been provided for scratch units, in which case the 
unit assignments for scratch files can take advantage of the existing 
JCL. 

Usually, however, the data file and scratch assignments require 
JCL to be supplied for each unit. The rules for such JCL must be ascer- 
tained frofn the system's programmers, since there is considerable variation 
in unit number availability. In general, one should only set up the units 
needed in a given run, since there may be a charge for file space that is 
reserved, even if it is not used. 

Table 2 shows sample JCL, overlay and preliminary input data to 
run the SWMM from a tape. Many users may prefer to store a compiled 
version on a disc rather than run from cards or tape. This example is 
for an IBM 370/168. 

The following is a description of Table 2. 

Line "1" is the job card unique to 
Proctor & Redfern. 

Lines "2-3" are for execution and overlay of the 
SWMM source program. 

Lines "4-13" describe the files on the source tape 
called MASTER. Example: LABEL = 2 stands for the 
RUNOFF Block on the tape. 

Lines "14-39" describe the overlay of each block of 
the SWMM used. 

Lines "40-46" describe scratch disc files for use in 

running the SWMM. These could alternatively be set up as 

permanent files if the same input or output is to be used 

for another run, for example. The following is an example 

of a tape or disc unit number: 

//GO.FXXFOOl m... where XX stands for the symbolic unit 

number. 

Line "47" tells the computer that input data follows. 

Line "48" provides the tape/disc assignments which corre- 
spond to card group 1 of the EXECUTIVE Block Card Data 
Sect ion,. 

Line "48" may be interpreted as follows: 



JIN(l), JOUT(l), JIN(2), J0UT(2), JIN(3), J0UT(3), JlNCt), JOUTd; 

M. i i 10 iO I 9 10 

Here JIN(N) = I refers to an input device or file and 
JOUT(N) = I refers to an output device or file. For example, a 
typical read statement tn a FORTRAN program may be READ{1,80). 
The I is replaced by the syrnbolic unit number of an input device 
(e.g., card reader). On most computer systems, I is equal to 5 
for reading cards and 6 or 7 for writing or punching output. The 
same applies for JIN(fJ) = I or JOUT(N) = I where I is substi- 
tuted with the symbolic unit number of an input or output device 
such as a tape or disc unit, as defined by lines "k^~hG". Since 
the numbers 5, 6, and 7 have standard meanings, their descrip- 
tions are omitted. 

JIN(l) = unit number of the tape/disc input into the first 
block to be run (KUNOFF Block). JIN(l) =0 means 
there is no tape/disc input. 

JOUT(l) = unit number of the tape/disc output from the first 
block to be run (RUNOFF Block). JOUT(l) = 9 means 
there is such output to be saved and line "^5" 
describes the disc utilized. 

JIN(2) = unit number of the tape/disc input to the second 

block to be run (TRAUSPORT Block). (This is normally 
the same as the output number from the preceding 
block.) JiN(2) = 9 means there is such input (from 
the RUNOFF Block) and line "^5" describes the disc 
ut i 1 i zed. 

J0UT(2) = unit number of the tape/disc output from the second 

block to be run (TRANSPORT Block), J0UT(2) = 10 means 
there is such output to be saved and line "46" 
describes the disc utilized. 

JIN(3) = unit number of the tape/disc input to the third block 

to be run (STORAGE/TREATMENT Block). (This is normally 
the same as the output unit number from the preceding 
block.) JIN(3) = 10 means there is such input (from 
the TRANSPORT Block) and line "46" describes the disc 
uti 1 ized,. 

J0UT(3) = unit number of the tape/disc output from the third 

block to be run (STORAGE/TREATMENT Block). J0UT(3) = 
9 means there is such output to be saved and line "45" 
describes the disc utilized. (Note that RUNOFF output 
vyi 1 1 be written over.) 



TABLE 2. SAMPLt OF JCL REQUIRED TO flUN SWMM ON An IBM 3/0/163 

0001 //SWMM JOB (PR930), PERKS 

0002 // EXEC F4HCLM, PARM. FORT=' S1ZE = 350K,N0S0URCE,N0MAP ' , 

0003 // PARM.LKED=' LIST, MAP, OVLY' 

0004 //FORT-SYSm DD UNIT=TAPE9,VOL=SER=MASTER,DSN=MAIN,DISP-(0LD,PASS) , 

0005 // LABEL=1 

0006 // DD UNIT=TAPE9,V0L-SER=MASTER,DSN=RUN0FF,DISP=(0LD,PASS), 

0007 // LABEL=2 

0008 // DD UNIT=TAPE9,V0L=SER=MASTER,DSN-TRANSPRT,DISP=(0LD,PASS) 

0009 // LABEL=3 

0010 // DD UNIT=TAPE9,V0L=SER=MASTER,DSN=ST0RAGE.DISP-(0LD,PASS), 

0011 // LABEL=4 

0012 // DD UNIT=TAPE9,V0L=SER=MASTER,DSN=RECEIVE,DISP=(0LD,PASS), 

0013 // LABEL-5 

0014 //LKED.SYSIN DD * 
OLI^ OVEULAY ALPt-A 

0016 INSERT GPLOT, GRAPH, COMB IN 

0017 OVERLAY ALPHA 

0018 INSERT ABLK,ERSON,QSHEDI,GQUAL, RECAP 

0019 INSERT RUNOFF, GUTTER, HCURVE, HYDRO, RHYDR0,WSHED 

0020 INSERT INABLK, SMELT, RSN0W,5DATA 

0021 OVERLAY ALPHA 

0022 INSERT TIME, CONTR, MAN, STl ,ST2,CDEPTH, INQLPQ.TRI 

0023 INSERT RECEIV,SWFLOW,PRTOUT,XTIME 

0024 OVERLAY BETA 

0025 INSERT MANING, INDATA,TIDCF,TRIAN ,SWQUAL, INQUAL,LOOPQL ,QPRINT 

0026 OVERLAY BETA 

0027 INSERT PLOT, OUTPUT 

0028 OVERLAY ALPHA 

0029 INSERT TRANS, NAMES, TABLES. PSI .FIRST, DRWF,PSIDPS 

0030 OVERLAY BETA 

0031 INSERT PRINT, XX 

0032 OVERLAY BETA 

0033 INSERT DEPTH, CPSI ,DWLOAD, FILTH, FINDA, INFIL,INITAL 

0034 INSERT NEWTON, QUAL,RADH, ROUTE, SLOP, VEL ,TSTRDT,TSTORG 

0035 INSERT TSTCST,TPLUGS,TINTRP,ACOS 

0036 OVERLAY ALPHA 

0037 INSERT BLKl ,BLK2,BLK3,TBLK.HIGH,STBK,V0R 

0038 INSERT STORAG.TRTDAT, INTERP.STRDAT, TREAT, BYPASS, TRLINK.SEDIM 

0039 INSERT HIGHRF, KILL, STRAGE, PLUGS, TRCHEK, SPRINT, TRCOST 

0040 //GO.FTOIFOOI DD UNIT=SYSDA,SPACE=(CYL ,(2 ,1 ) ) 

0041 //G0.FT02F001 DD UNIT=SYSDA,SPACE={CYL, (2,1 ) ) 

0042 //G0.FT03F001 DD UNIT=SYSDA,SPACE-{CYL, (2,1 ) ) 

0043 //G0.FT04F001 DD UNIT=SYSDA,SPACE = (CYL, (2,1 ) ) 

0044 //GO.FT08F001 DD UNIT = SYSDA,SPACE = (CYL , (2, 1 ) ) 

0045 //GO.FT09F001 DO UNIT=SYSDA,SPACE=(CYL ,(2,1 ) ) 

0046 //GO.FTIOFOOI DD UNIT=SYSDA,SPACE=(CYL ,( 2,1 )) 

0047 //G0.5YSIN DD * 

0048 9 9 10 10 9 9 10 

0049 12 3 4 8 

0050 RUNOFF 
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TABLE 2, (CONT'D) 



0051 

0052 (DATA FOR RUNOFF BLOCK) 

0053 

0054 

0055 TRANSPORT 

0056 

0057 (DATA FOR TRANSPORT 3L0CF) 

0058 

0059 

0060 STORAGE 

0061 

0062 (DATA FOR STORAGE/TREATMENT BLOCK) 

0063 

0064 

0065 RECEIVING 

0066 

0067 (DATA FOR RECEIVING WATER BLOCK) 

0068 

0069 

0070 ENDPROGRAM 

0071 /* 
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Jlti(^) = unit number of the tape/disc input to the fourth 

biock to be run {RECEIVING Block). (This is normally 
the same as the output unit number from the preceding 
block) and line "kS" describes the disc utilized. 

JOUT(M = unit number of the tape/disc output from the fourth 
block to be run {RECEIVING Block). J0UT{4) = 10 
means there is such output and line "kS" describes the 
disc utilized. (Note that TRANSPORT output will be 
wr i tten over. ) 

JIN(5) to JIN(IO) and J0UT(5) to JOUT(IO) allow more than just 
four blocks to be run sequentially and are defined 
similarly if requ i red . 

Line "ii9" provides the scratch tape/disc assignments which corre- 
spond to card group 2 of the EXECUTIVE Block Card Data Section* 
Line "^9" riay be interpreted as follows: 

NSCRAT(n, |JSCRAT(2), NSCRAT(3), NSCRATCt), NSCRAT(5) 

I i I ^ i 

Here ijSCR.aT(N) = 1 refers to an input/output device or file„ I 
is substituted with the symbolic unit number of an input/output 
sevice Such as a tape or disc unit defined in lines "^40-^^". 
There sh i>ild be a scratch tape/disc assignment for NSCRAT(l) 
through iliCRAT(5) Most blocks to not use all NSCRT(l) tape/disc 
ass i gnrine.ii s , 

Lines "'ju-70" represent the various blocks within the SWMM model 
to be iixe.uted along with their corresponding data. 

2.k Over la/ P. ocedures 

In cofiipuLers with small core capacity, the technique of over- 
laying is most impcrtant. It reduces the machine core storage which is 
necessary to run thu model. 

tn Table 2, Lines "15-39" describe the overlay of each block of 
the model in a form which will require 350K, but it can be broken down even 
further o 

2.5 Dummy Subroutines 

If only a few of the program blocks are to be used, compilation 
time and cost can be saved by removing the unused blocks and replacing 
them with a dummy subroutine. The dummy subroutine contains only the first 
subroutine statement, a stop statement, and an end statement. On some 
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machines, such as the IBM 370/168, the use of dummy subroutines may be 
avoided by using the "LET" feature in the Linkage Editor, which permits 
the Load Module to be prepared even though unreferenced external 
subroutines exists 

f*! Data Sets 

Data sets for the SWMM are used to transfer information from 
one program block to another, or to store and transfer information 
between subroutines. They are usually magnetic tapes or disc storage 
deviceSo The information on them is erased after the simulation is over. 
The unit numbers assigned to the various data sets are arbitrary. Any 
desired values compatible with the descriptions of Lines "hO-ti6" in Table 
2 could be used. Furthermore, in Table 2 it is assumed that RUNOFF, 
TRANSPORT, STORAGE/TREATMENT and RECEIVING are to be run in order. 
However, various sequences may be used. Permanent data sets should be 
used only when the output from a block is to be saved for later runs. 
The JCL for set-up of these data sets is not included because of the 
differences in computer systems. 
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3. EXECUTIVE BLOCK 

3. 1 Block Description 

The EXECUTIVE Block performs three functions: 

1) assignment of logical units and files; 

2) control of the computational blocks; and 

3) graphing of data files by line printer. 

No computations, as such, are performed. A flow chart of the SWMM, 
illustrating the role of the EXECUTIVE block, is shown in Figure 1. 

3.2 Program Operation 

The EXECUTIVE Block assigns logical units and files, and con- 
trols the computational block to be executed. These functions depend on 
reading in a few data cards which must be supplied according to the needs 
of a given computer run. 

3-3 Instructions for Data Preparation 

The instructions for data preparation are divided into two 
parts corresponding to the assignment of the tapes and discs required for 
the run and the belection of the individual Blocks. Figure 2 and Tables 
3 and k indicate the procedure for data card preparation and list the 
variables used. 

3.4 Block Selection 

The program controls the computational blocks to be executed by 
reading the alphanumeric information, CNAME , on control cards. Thus, for 
example, CNAME might be RUNOFF. The program compares this word with a 
dictionary of such v^/ords. If a match is found, as it would be in this 
case, control is passed to the appropriate block. Here, for example, the 
RUNOFF block would be called. After execution of the RUNOFF Block, con- 
trol would be returned to the EXECUTIVE Block. 

The program again reads a control data card, which might indi- 
cate that another block is to be executed. For example, if TRANSPORT 
block is to be executed the control word TRANSPORT would be given, etc. 
If results are to be graphed, the control word GRAPH would be on the 
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FIGURE 2. DATA DECK FOR THE EXECUTIVE BLOCK 
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control card, or, if the run is to be terminated, the word ENDPROGRAM is 
given on the card. A summary of the control words and corresponding 
action is given in Table 5. 

The use of control cards allows considerable flexibility in use 
of the Storm Water Management hodel. The most common type of run 
involves execution of one of the computational blocks along with the 
graphing of results on the line printer. Thus, for the RUMOFF Block, 
such a run would be made by appropriate use of the words RUNOFF, GRAPH, 
and bNDPROGRAM. If the entire model were to be run with graphical output 
at the end of, say for example, the TRANSPORT and STORAGE Blocks, the 
sequence would be RUNOFF, TRANSPORT, GRAPH, STORAGE, GRAPH, RECEIVING and 
ENDPROGRAM. 

It is important for the user to realize therefore, that each 
block may be run separately. In fact, the majority of applications to 
date consist of a RUNOFF and TRANSPORT simulation only. 

3.5 Graph Routine 

The data cards required for graphing are minimal. The first 
card supplies control information, such as on which tape/disc the 
hydrographs and pollutographs are stored, the number of curves per graph, 
and number of pollutants. The specific plots required are designated on 
the next card. The last three cards supply a title for each curve, a 
horizontal axis label, and a vertical axis label. The vertical axis 
label card is repeated for each pollutant to be plotted and for the 
hydrograph in the order in which they are to be printed out. 
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TABLE 3. EXECUTIVE BLOCK CARD DATA 



Card Card 

group Format: columns 



Description 



Variable 
name 



I/O tape/disk assignments. 

20IA 1-4 Input tape assigmnent for first block. JIN(l) 
to be run. 

5-8 Output tape assignment for first block JOUT(l) 
to be run. 

9-12 Input tape assigmnent for second block J1N(2> 
to be run (usually the same as the output 
tape from first block). 

13-16 Output tape for second block to be run. J0UT(2) 



77-80 Output tape for tenth block to be run. JOUTCIO) 



Default 
value 



Scratch tape-disk assignments. 

514 1-4 First scratch tape assignment. 

5-8 Second scratch tape assignment. 

9-12 Third scratch tape assignment. 

13-16 Fourth scratch tape assignment. 

17-20 Fifth scratch tape assignment. 



NSCRAT(l) 





NSCRAT(2) 





NSCRATO) 





NSCRATC4) 





NSCRAT(5) 






REPEAT CARD 6 FOR EACH BLOCK TO BE CALLED. 

3 Control cards indicating which blocks 

In the program are to be called, 

3A4 1-12 Name of block to be called.^ CNAME None 

Names must start In column 1. All blocks may be called more than once if overlay 
is not used or if overlay is used one or more blocks may be repeated if overlay is 
set up for this. See Section 2, Initial Job Set-Up. 
NOTF.: AH non-decimal numbers must be right-adjusted. 
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TABLE 3. (CONT'D) 



CArd 
group 



Format 



Card 
coluina 



Variable 



Description 



CNAME - RUNOFF for Runoff Block, 

- TRANSPORT for Transport Block, 

•• RECEIVING for Receiving Water 
Block 

- STORAGE for Storage Block, 

- COMBINE for Combine Block, 

- GRAPH for GRAPH subroutitit, 

- ENDPROGRAM for ending the 
storm water simulation. 



-415 
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INSERT THESE CARDS AFTER EACH CNAME 
GRAPH IN CARD GROUP 3. 

Control card. 

Tape/disk (logical unit) assignment 
where graph Information Is stored. 



6-10 Number of curves of a graph, 
(maximum ' 5) 

11-15 Number of pollutants to be plotted. 

16-20 Number of Inlets to be plotted, 

(If NPLOT = plots all curves on file) 



Mm 



IF NPLOT - DELETE THIS CAHD. 

Inlet selection card. 
1-5 First Inlet number to be plotted, 
6-10 Second Inlet number to be plotted. 



IPLOT(l) 
IPL0T(2) 



Default 
value 



NTAPE 


None 


NPCV 


5 


Nqp 


Q 


NPLOT 






None 

None 



Last inlet number to be plotted. 



IPLOT(NPLOT) None 



This reters to the number of different Inlets (curvcH) thnc uil; bu plotted 
on one grjph; e.R. if fil'CJ ^ 3, hydrographs, say, frcm three Ini^Ls will be 
ovnrlay^tl on onr prarli 



TABLE 3. (CONT'D) 



Card Card 

group Fomat columns 



Description 



Title card. 
I8A4 1-72 Title printed with the plots. 



Variable 
name 



TITL 



Default 
value 



None 



20A4 



Horizontal axis label. 
1-80 Horizontal axis label. 



HKIZ 



None 



2A4 



3A4 



REPEAT NQP + 1 TIMES. 
Vertical axis lobel.^ 
1-8 Lint i of vertical axis label, 

9-16 Line 2 of vertical axis label. 
17-26 Line 3 of veintlcal axis label. 



VERT(l) 


None 


VERT (2) 


None 


VERT (3) 


None 



^he first plot to be printed is a flow hydrograph, the second Is BOD, the third is 
SS, and the last is coliforra. 
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TABLE h. EXECUTIVE BLOCK VARIABLES' 



Varlcbla 
Nine 



KM 

AXB 

CDRVt 
CNA«E 



Deftcrlptkon 



ACtti 



Varlabla 



The loq bd3« 10 of the ranqe of values 

of y cooctinatc to be t^lotted (aobroutine 

CURVE) 

KuDifccr of acre! of atLly draina^u basin 

Average DWF 

x-coordlndte C'f v,iiue pre^iu^sly pjotced 

X-coordiri*iLn o^ value Lo be plotted 

Y-ti>ocdinat».- *jf v^lue pteviouely plotted 

Y-coordlnJte a( value to he F^<^t-tod 

Rame of siujroutlne 

C Computationj 1 blO'r:)( ruune rea-l from Jata 

cards 



I>escrLpt Ion 



INCNT C Array of input logical data file niatber 

IPIJTCT C Array of output loqiral data file 

number 

IPLOT C Array of nodes to be plot-te<1 

n.'ifl C Array Indicating which locati'ina &? the 

dflla file are to b* plotted 

IX' Oumny variable 

|3g^ Intt-ger vaiiie uf A^L^ 

j^jtg Intetjer value of AXB 

JiSf Ounmy variable 

ijf.ji Integer value of AYA 

lYB tnt,eqer oalue of AKB 



Urlt 



DESFLO 

DIJMMV 

FRAMG 

GRAPH 
HOHJZ 
I 

ie 

ILAB 



Design flc'U rate 'af nvaln trunk) 

Dviflmy locatloi. to fill data record 

Expandod r^nge 'even intervals) of 
y coordirjt--^ nf curve to bo plott-U 

Naae of a>..b.''Outl ne 

Horizontal ta^^el of curve 

TTie Block selection counter (MAIN) 

Calling sequence control paramtiter 

Output label with plot 



M» 



J- 

J|JF 

JOUT 



■t 



Subscript counter 

Subscript couiiter 

Array ct inpu" diaV ^tapu unit* 

Ajrav ot CJti/.,'. i\fik/tjis^« units 

;»ub3cript counter 



Subscript counter 

Tiaister location froa data file to (ilot 
(tarsga 



Does not include variables added during updatlrtg. 



^Variable naxnca shared in conmon blacks. 



TABLE ii. (CONT'D) 



tiamc 



Oaccrtpcion 



«nit 



VirlabU 
Nwv 



Daicrlptlon 



Obit 






H 
MC 



H 

HCT 

HCURVE 

HCV 

NOeSYR 

1ILP 

NUX 
HPCV 

tw 

NPUJT 

NPUIHT 



Hguu- 



Subscript coufiur 
Do loop counter 
Subscript counctr 

Subicrlpt councai 

»\mbtr of plot* 

Nunber o( cutvm to b« plottad 

Number o{ curves/plot 

Piequency of de3l9n fl9r 

Nunbcr of types of plot (hydioqraph* and 
pollutographv) 

Node number oE hydroqrapli point 

lUxinun Funbet of curvsa/plot 

Subscript counter 

Hiunber of plots 

Husiber of points on s plot 

Number of polnt/curvs <srrsy) (CURVE) 

Axray contdlnlnq nuaber of points to 
be plotted (GRAPH) 

NUBCticsl value of NPT 

Husib*r of quality constltuanta 
to b« plott«<9 

HusriMr of quality constltuanta on data 
flls 



yr 



HSCRAT 

Nsritys 

MSTEPS 
NSTRHS 

mim 

NTAPe 

MVAL 

MS 



mttm 
men 

OTRUNK 

RAIN 

RAHGE 

RECEIV 

RUMOFT 



Subscript countar 

Array of vsrlsble scratch units 

DeicnatTBtton series nuaber 

NuHber ot steps in plot 

Nmber of stotms bcin9 studied 

Plot nus^ec 

Input tape i«ijnber foe plotting 

Nutf^ber of pclnta/data record on a file 

Card input unit nimb«r 

Print output unit nunber 



Subroutine name 

Nafie used to call the blocks of 
the Stom Water Model 

Subroutine naae 

Haxinum flow rate possible in iruT^ seifer 

KiKOunt of ralhfall for a storm 
Ranqe of y values to be plotted 
Subroutine nan 
Subroutine naas 



storm: 

STOW 



Subroutine 
Date of atora 



TABLE A. (CONT'D) 



Vuiiiblm 

liw* 



Macrlption 



nmut 




TlM*at«p intarvkl 


ivim 




Tlaa-atap Intarval 


'*f^^' 


C 


TltL* prlntad out with 9iaph« 


■nvM- 


C 


Tltla pilntad out on cuxvai 


TITLE 1 




Tltl* of dialnag* baain 


.•mm 




Sufaroutlna naaa 


T3!E» 




Zaro tlM 



Vartlcal li 






X 
X 

im 

lug;. 

tacu. 

n; 
mi: 



t Oobrdlnata array (CUMVE) 

X coordinate array (CMPH) 

X Incraaant uaad for Lntarpolation 

Label Intarval for X 

Maxima X valua 

Hlnlaua X valua 

Nwarical acala labala for X 

Start point of Una (X coordinata) 

X acala factor 

End point of Una (X coordinata) 

Saw as XO 

Saac aa XT 



YINT 
* 

t 



Label interval for Y 

Y coordinataa of curvaa to ba dram 
1 coordinataa of curvas to ba drawn 
T Incr^Hnt uaad (or latcrpolation 



varlabla 

Naiaa 



Daacrlption 



Unit 



YLAI 
YHAX 

YHIN 

YO 

YSCXL 

YT 

YT 

Yl 
12 



Niiaarlcal acala labala tor * 

HaalMBi V valua 

Hinlava Y valua 

Start point of Una (Y coordinata) 

Y acala factor 

End point of Una jY coordinata) 

Hydiograph-pollutsfraph Inforvatlon 
on data fila 

Saan aa YO 

Saaw aa YT 



TABLE 5. SUMMARY OF CONTROL WORDS AND CORRESPONDING 
ACTION FOR MAIN PROGRAM 



Control Word Action to be taken 



RUNOFF Execute RUNOFF block 

TRANSPORT Execute TRANSPORT Block 

STORAGE Execute STORAGE Block 

RECEIVING Execute RECEIVING Water Block 

COMBINE Execute COMBINE Block 

GRAPH Produce graphs on line printer 

ENDPROGRAM Terminate run 

Any other word Terminate run with error message 
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4, RUNOFF BLOCK 

k . 1 Block Descr i ption 

^4. 1 . 1 I n t roduct ion 

The KUNOFF Block has been developed to simulate both the 
quantity and quality runoff phenomena of a drainage basin and the routing 
of flows and contaminants to the major sewer lines. It represents the 
basin as an aggregate of idealized subcatchments and gutters. The 
program accepts an arbitrary rainfall hyetograph and makes a step-by-step 
accounting of rainfall, snowmelt, infiltration losses in pervious areas, 
surface detention, overland flow, gutter flow, and the contaminants 
washed into the inlet manholes, leading to the calculation of a number of 
inlet hydrographs and pol 1 utographs. 

The drainage basin may be subdivided into a maximum of 200 
subcatchment areas. These, in turn, may drain into a maximum of 200 
gutters or pipes which finally connect to the inlet points for the 
the TRANSPORT Model. However, the user must be cautioned that if the 
TRANSPORT Model is to be run also, the total number of sewer elements 
(conduit and non-conduit) must not exceed 160."- The maximum number of 
non-conduit elements (manholes) into which there can be input hydrographs 
and pol lutographS"" is 70 for the TRANSPORT Model. The maximum number of 
time steps that may be computed is 150 for both RUNOFF and TRANSPORT. 
This section describes the program operation of the RUNOFF Block, provides 
instructions on data preparation and input data card formats, defines 
RUNOFF block variables, and shows an example application. 

h.\.2 Program operation 

The relationships among the subroutines which make up the 
RUNOFF Block are shown in Figure 3- The subroutine RUNOFF is called by 
the EXECUTIVE Block to gain entrance to the RUNOFF Block. The program 



This is the total for the TRANSPORT Model only. Up to 200 additional 
gutter/pipes may be contained in the RUNOFF. 

These correspond to inlets in the RUNOFF Model. 
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FIGURE 3. RUNOFF BLOCK 



prints "ENTRY MADE TO RUNOFF MODEL", and then acts as the driver routine 
for the Block. Subroutine RUNOFF directly calls subroutines HYDRO and 
RECAP. Although BLOCK DATA is not actually a subroutine, it is automa- 
tically activated by RUNOFF. Its main function is to set the initial 
pollution loadings such as pounds of pollutant per day per 100 feet of 
curb, and milligrams of pollutant per gram of dust and dirt. Subroutine 
RECAP reads tape headers, and prints the table headings and results of 
the quantity and quality simulations. 

Subroutine HYDRO computes the hydrograph coordinates and the 
wastershed quality contributions with the assistance of four core 
subroutines, RHYDRO, WSHED, QSHED, and GUTTER. It initializes all the 
variables to zero before calling RHYDRO to read in the rainfall 
hyetograph and information concerning the drainage basin,. When the 
option for snowmel t calculations is used, subroutine HYDRO controls the 
input of additional data such as temperature and snowpack parameters 
necessary for the computat ions . 

RHYDRO calls subroutine RSNOW to initialize some snowmelt para- 
meters and subroutine SMELT is called from WSHED which estimates snowmelt 
at each time stepo Subroutine INABLK reads in dust and dirt loading 
rates and pollutant quality factors (mg per gram of dust and dirt) 
instead of using the values in the BLOCK DATA subroutine, if desired. 
Next HYDRO sets up an ordering array to sequence the computational order 
for gutters/pipes according to the upstream and downstream relationships. 
If quality is to be simulated, QSHED is called to initiate pollutant 
loads on the watershed, 

HYDRO then sets up a DO loop to compute the hydrograph coordi- 
nate for each incremental time step. In each step, subroutine WSHED is 
first called to calculate the rate of water flowing out of the idealized 
subcatchments. If quality is to be simulated, QSHED is called to compute 
the watershed quality contributions from catch basins, erosion, dust and 
dirt, and other sources. If quality is to be simulated in conjunction 
with the snowmelt simulation, additional information concerning accumula- 
tions of chloride and lead are read by subroutine INABLK. GUTTER is then 
called to compute the instantaneous water depth and flow rate for the 
gutters/pipes and to route the flow. Water flowing into the inlet point, 
be it from gutters/pipes or direct drainage from subcatchments, is accumu- 



lated to give a hydrograph coordinate. A continuity cliecl< is then made 
for the deposition of rainfall water in the form of runoff, detention 
storage, and infiltration losses. The error in continuity is computed 
and printed as a percentage of total rainfall. VJhen the snowmelt option 
is used, the continuity check also includes the snowmelt water component, 
With the assistance of subroutine HCURVE , HYDRO plots the rainfall 
hyetograph and the runoff hydrograph for the drainage basin. Subroutine 
GQUAL routes pollutants in each gutter/pipe corresponding to the flow 
values computed in subroutine GUTTER. 

4.2 Surface Flows 



The core of the i^UIJOFF Model is the routing of hydrographs 
through the drainage system. This is accomplished by a combination of 
overland flow and pipe routing. 

Three types of elements are available to the user: 

1) subcatchment elements (overland flow), 

2) gutter elements {channel flow), and 

3) pipe elements {special case of channel flow). 

Flow from subcatchment elements is always into gutter/pipe elements, or 
inlet manholes. The subcatchment elements receive rainfall, account for 
infiltration loss using Norton's equation, and permit surface storage 
such as ponding or retention on grass or shrubbery. 

If the snowmelt option is used, the snowpack distribution is 
accounted for by the level of subcatchment discretization. Depending on 
the condition of the snowpack and the meteorological conditions, the 
calculated melt plus rainfall can either be stored in the pack or 
transmitted through the pack and become available for surface storage, 
infiltration or runoff. If gutter/pipe elements are used, these route 
the hydrographs from the watershed elements to the inlet to the main 
sewer sy5tem„ Pipes are permitted to surcharge when full. 

4o3 Surface Qual i ty 

The quality of the inlet flows is determined as explained under 
Program Operation (subroutine OSHEO) . The quantity of pollutants washed 
off the land surface of the drainage basin is added to gutter/pipes or 
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inlet manholeSo Initially, the program calculates the amount of contami- 
nants allowed to accumulate on the ground prior to the storm, and then, 
taking into account rainfall intensity, major land use, and land slope, 
the washed off pollutants are routed through any gutter/pipes to generate 
pol lutographs at inlet manholes. When the snowmelt option is used, 
additional calculations for the accumulations of chloride and lead are 
made. The amount of chloride on the surface is estimated by inputting 
the total pounds of salt distributed per subcatchmen t . The accumulated 
amount of lead is calculated as a function of curb length. 

Output from the program consists of hydrographs and polluto- 
graphs on tape/disc for use in TRANSPORT Block and printed and/or plotted 
information for the user. (At the present time only BOD, SS and con- 
forms may be routed through the TRANSPORT Block after being generated 
from the KUNOFF Block.) 

^A Instructions for Data Preparation 

Instructions on the use of the RUNOFF Block are divided into 
two sections, surface flows and surface quality, 

k.^.\ Surface flows 

Use of the surface flows portion of the RUNOFF Block requires 
three basic steps: 

Step 1 - geometric representation of the drainage basin, 

Step 2 - estimate of coefficients, 

Step 3 - preparation of data cards for the computer program. 

Step 1 - Method of discretization 

Discretization is a procedure for the mathematical abstraction 
of the physical drainage system. For the computation of hydro- 
graphs the drainage basin may be conceptually represented by a 
network of hydraulic elements, i.e, subcatchments , gutters and 
pipes. Hydraulic properties of each element are then character!' 
zed by various parameters, such as area, slope and roughness 
coef f ic lent , 
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Discretization begins with the identification of drainage 
boundaries, the location of major sewer inlets and the 
selection of those gutters/pipes to be included in the system. 

A general method of discretization is discussed in detail in 
the EPA Version II User's Manual for the Northwood Section of 
Baltimore, Maryland, 

The concept of "lumped" catchments is discussed in Chapter 9 of 
Volume I of this report. Briefly, it is possible to discretize 
a particular area at varying levels of detail without neces- 
sarily affecting the accuracy of the outlet hydrograph. The 
level of detail employed in any simulation depends on the 
objectives of the user; if flows at a large number of locations 
within a catchment are of interest, then a fairly detailed 
discretization is required; if only the outlet hydrograph is 
required, a coarse simulation is usually adequate. 

To illustrate different levels of discretization, the 48-acre 
Brucewood catchment was divided into a lumped, 2 subcatchment 
schematic and a detailed 21 subcatchment schematic. These are 
indicated on Figures ^ and 5. The data that would be used in 
flow simulations for the lumped and detailed catchments are 
compared in Table 6. At both levels of detail the same default 
values are used for Manning's roughness, depression storage and 
infiltration. In the detailed representation, major pipes 
would be modelled in the TRANSPORT Block, whereas the lumped 
simulation would only require the RUNOFF Block, Because the 
area draining to the three pipes in the lumped representation 
is much larger than the area draining to the individual pipes 
in the detailed representation, it is sometimes necessary to 
give these pipes a larger "equivalent diameter" to avoid 
unrealistic surcharging. Also the total length of gutters/pipes 
is less for the lumped case since the small pipes (less than 
36" in this case) are ignored in the lumping process. Compari- 
sons of lumped and detailed simulations are presented in Volume 
I of this report. 
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BRUCEWOOD AREA 

2 SUBCATCHMENT 
DISCRETIZATION 

FIG. 4 
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BRUCEWOOD AREA 

21 SUBCATCHMENT 
DISCRETIZATION 

FIG. 5 




TABLE 6„ LUMPED AND DETAILED KEPRESENTAT I OfJ OF THE BRUCEWOOD CATCHMENT 



Variable 


Lumped 


Detailed 


Total Drainage Area 
(Acres) 


48.2 


48.2 


Number of Subcatchments 


2 


m ] 


Size of Subcatchments 
(Acres) 


25.1,23.1 


0.5-3.8 


Imperviousness 


47.4 


47.4 


Total Width of overland flow 
(Ft.) 


4808 


4808 


Maximum Infiltration Rate 
(in./hr. ) 


3.0 


m 


Minimum Infiltration Rate 

(in./hr.) 


0.52 


0.52 : 


Horton's Decay Rate 
(1/sec.) 


0.00115 


0.00115 


Retention Storage for 
impervious area 
(in.) 


0.062 


0.062 


Retention Storage for 
pervious area 
(in.) 


0.184 


0.184 


Number of Gutters/Pipes 
in RUNOFF Data 


1 


M :■ 


Manning's Coefficient 


0.018 


0.018 . 

1 ! 



m 



Step 2 - Estimate of coefficients 

Coefficients and parameters necessary to characterize the 
hydraulic properties of a subcatchment include surface area, 
approximate total width of overland flow, ground slope, rough- 
ness coefficients, detention depths, infiltration rates 
(maximum, minimum and decay rate), and percent imperviousness. 
For a given amount of rainfall and snowmelt over the subcatch- 
ment, these parameters ultimately determine the outflow rate of 
surface runoff and the transient water depth over the subcatch- 
ment. Since real subcatchments are not rectangular areas experi- 
encing uniform overland flow, average values must be selected 
for computation purposes. The distribution and amount of snow 
on snow-covered areas can also affect such runoff properties as 
surface roughness, detention depths and infiltration rates. 

When snowmelt computations are made either the degree-hour melt 

equation (I) or equation (2) can be used. The degree-hour 

equation Is u?ed during rain-free periods when melt is the only 
contribution to runoff." 

M = C(T^ ■ Tg) • (1) 

where: C = degree hour melt coefficient, 
T = base temperature for melt, F, 
T = hourly temperature F. 

Typical values of the degree-hour melt coefficient and base 
temperature range from 0.002 to 0.006, and 25 to 32°F, 
respectively. 

The generalized snowmelt algorithm Is shown on Figure 6, When 
there is no rainfall, equation (l) should be used, and the user 
supplies a melt coefficient and base temperature. Equation (2) 
is recommended for melt computations during rainy or cloudy 
periods. The air pressure and vapour pressure are computed in- 
ternally by the program by using the catchment elevation and 
the air temperature, and the relationship summarized in Figure 6, 
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READ SUBCATCHMENT AND 

METEOROLOGICAL DATA 
- AREA AND W.E. OF SNOW 
ON IMPERVIOUS AND PERVIOUS 
AREA. 

PERCENT OF THE WATER EQUI- 
VALENT EQUAL TO THE FREE- 
WATER HOLDING CAPACITY 
HOURLY TEMPERATURES 



READ ELEVT 

= WATERSHED ELEVATION IN lOOO'S OF FEET 

READ AVERAGE WIND SPEED V 



PA= 29.9-1.02 ELEVT 
+ 0.0032 (ELEVT** 2.4) 



eg =8.1175x10 EXP 



f-7701 \ 



Y = 0.000359 PA 



F{u) = 0.006 V AT 

WHERE V=WIND SPEED 

AT = TIME INTERVAL IN HOURS 



INSIGNIFICANT 
THEREFORE USE 
DAY METHOD 



NO 



IS 
Px>0 
(Px=FREClP DURING 
PERIOD AT INCHES) 



RAINFALL 
THE DEGREE- 



YES 



USE ANC EPSON S 
SNOWWgLT EQUATION 



MELT =C(Ta- Tease) AT 

WHERE C = DEGREE HOUR MELT 

RATE FACTOR = 0.003 
BY DEFAULT 

fease = 32°F BY DEFAULT 

AT = TIME INTERVAL IN 
HOURS 



MELT = ( Ta-32) (0.007Px + 

75yF(ij)+0.00H7AT} 
+ 8.5F(u)(ea-O.I8) 



UP-DATE SNOWRVCK FftRAMETERS 
-FREE WATER CONTENT 
-WATER HOLDING CAPACITY 
- SNOWRftCK WATER EQUIVALENT 



FIGURE 6. GENERAL ALGORITHM FOR SNOWMELT QUANTITY SUBROUTINE 
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1 = (Ta - 32) (0.007 P AT + 7.5 x F(u) + .00117AT) 



X 



+ o.5F(u) (e - 0.18) (2) 



a 



vvhere" H = melt in inches, 

Ta = air temperature ( F) , 

F(u) = wind function = .006 VAT, 

V = wind speed, mph , 



e 



= vapour pressure of air (inches Hg) , 
(computed by the program) , 



P^ = rainfall intensity (inches/hour), 



( 



,000359 PA, 



PA = air pressure (inches Hg), (computed by 
the program) , 

AT = time interval in hours. 



Generally, the most sensitive parameters in the snowmelt calcula- 
tion based on equation (2) are the air temperature and the wind 
speed . 

The snowpack can retain a certain amount of free water. The 
free water holding capacity of the snowpack is specified as a 
percentage of its water equivalent, varying typically from 1.0^ 
to 6.0";' of snow water equivalent. A value of 2% or 'i% is 
recommended as a starting point for calibration. The actual 
percentage of initial free water in the snowpack can either be 
estimated from observation or assumed to be a calibration para- 
meter which can range from 0?. to 6„0:^. 

The values for Manning's 'n' can be assumed initially to be 
those in Table 7. Subsequent calibration may increase these 
values to reflect the delaying effect of the snowpack on the 
runoff hydrograph. 

Infiltration parameters for pervious areas can be those repre- 
sented by Figure 7 in the absence of additional information. 
In the absence of information to the contrary, surface depres- 
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TABLE 7. ESTIMATE OF MAfJNING'S ROUGHNESS COEFFICIENTS 



Ground Cover 



SnxjoCh asphal t 

Asphalt or concrete paving 

Packed clay 

Light turf 

Dense turf 

Dense shrubbery 
and forest litter 



flann i ng ' s n for 
Overland Flow 



0,012 

O.Ol't 

0.03 

0.20 

0.35 

O.iiO 




10 20 30 40 50 60 70 BO 90 100 110 120 130 MO 150 160 170 IBO 

!ime.in minules 



FIGURE 7. STANDARD INFILTRATION-CAPACITY CURVES FOR PERVIOUS SURFACES 
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sion storage is assumed to be the same for snow-covered areas 
as for bare surfaces. Depending on local snow cover and ground 
conditions, some calibration of infiltration and surface depres- 
sion parameters may be necessary. 

After the liquid water available for runoff has been deter- 
mined, the computation for flow during snowmelt then follows 
the procedure outlined in the EPA Version II User's Manual. 
However, the RUNOFF Block has been modified in order to account 
for runoff from bare areas as well as from snow-covered areas. 
The description of the snow-covered areas is provided on the 
input deck (Figure 8). 

Step 3 ~ Data card preparation 

The data cards should be prepared according to Figure 8 and 
Tables 8 and 9, at the end of this section. Figure 8 shows the 
layout of the data cards, including those for the quality 
routines, in the order in which they must appear. Tables 8 and 
9, respectively, show how the data cards are to be punched, and 
list the descriptions of variables used in this program Block. 

The first step in the data preparation is the determination of 
the number of time steps to be used and the length of each time 
step (see Table 8, card group 2). The time step length (inte- 
gration period) is usually three to five minutes, but may range 
from one to 30 minutes, depending on the length and intensity of 
the storm and the degree of accuracy required. The number of 
time steps is limited to a maximum of 150, Enough time steps 
should be allowed to extend the simulation past the storm 
termination and thus account adequately for the storm runoff. 
Along with the input of time steps, the number of hyetographs for 
the drainage basin is required. If the percent impervious area 
with zero detention is known, this value must be supplied; 
otherwise, the model uses a default value of 25 percent. This 
ensures an immediate runoff response and a steep rising limb on 
the inlet hydrograph for the basin. If erosion is to be included 
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/ INLET, NSTEP, NHft, NMN, DELT, NROAO, 
[ PCTZER, IROS, RAINIT, ISWO 

TITLE CARD 



RUNOFF (READ IN EXECUTIVE ILOCK) 



FIGURE 8. DATA DECK FOR THE RUNOFF BLOCK 
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in the quality simulation, this must be specified in card group 
2, and the highest average 30-minute rainfall intensity in 
inches per hour provided. It is convenient to do this because 
erosion is a function of a rainfall factor which is, in turn, a 
function of time interval, intensity, total depth per interval, 
and the 30-niinute rainfall intensity. If snovjmelt computations 
are to be performed, the variable ISNO (card 2) is set to any 
non-zero integer, and the relevant information pertaining to 
snowmelt computations provided as described in the following 
paragraphs. 

The rainfall data cards are then prepared for each hyetograph 
from rainfall records, or are assumed if a hypothetical test 
case is being run. The time interval need not be the same as 
the integration period in quantity and quality portions of the 
RUNOFF Block. If five-minute interval rainfall data are avail- 
able, they would be preferred over 15-minute interval data 
because a more accurate runoff hydrograph would be produced. 
Up to one different hyetograph for each subcatchment may be 
provided by the user. However, the number of data points and 
the time interval between values for each hyetograph must 
remain constant, as specified by the rainfall control card. 

Snowmelt computation control information must be supplied on 
card type 4A if the snowmelt option is selected. If the user 
selects the degree-hour melt equation, the degree-hour melt 
rate (OHMR) must be provided and typical values range from 
0„002 to 0.006. The base temperature for melt must also be 
provided, typical values ranging from 25 to 32 F. 

If a degree-hour melt rate value is not specified, then an 
average wind speed (in miles per hour [WIND]) and basin 
elevation in thousands of feet must be provided for use in the 
more detailed melt calculation This equation is recommended 
for use during rainy or cloudy periods 

For either snowmelt option, the Fahrenheit temperature for each 
time step is required as input on card group kB, 
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The spatial distribution of rainfall and the input data describ- 
ing the gutter/pipe system are input on card groups 3, '+ and 5 
as described in the EPA Version II User's Manual. 

If snowmelt is being tnodelled, information on the makeup and 
distribution of the snowpack must be supplied for each subcatch- 
nient. The percent of pervious and impervious area within each 
subcatchment which is covered by snow must be estimated. The 
computations essentially consider two new types of runoff pro- 
ducing areas, namely, the snow-covered pervious and impervious 
areas. For each of these areas the water equivalent of snow 
and the ratio of free water fiolding capacity to the water 
equivalent must be estimated and supplied. Each subcatchment 
can be partially or totally covered by snow, depending on the 
percentages of snow covered area input on card group 8A. It 
should be noted that card group OA, describing snow-covered 
catchments, must be preceded by card group 7 describing the 
bare catchments, as described in the EPA Version M User's 
Manual. Finally, Manning's 'n' values for each of these new 
areas must be supplied. 

^.k,2 Surface qual i ty 

Data input to this surface quality program is prepared at the 
same time as for the rest of the RUNOFF Block. Thus, when an inlet 
drainage basin is selected it may be subdivided into areas containing a 
single type of land use. Five land uses which may be modelled are: 
single family residential, multi family residential, commercial, indus- 
trial, and undeveloped or parklands. 

The preparation of input for the calculation of all quality 
parameters except lead and chloride is identical to that described in 
the EPA Version II User's Manual. 

However, the program has been modified to permit direct input 
of dust and dirt loading rates as well as the pollutant quality factors 
for all standard pollutants, and additionally for the chloride and lead 
constituents if snowmelt is being modelled. The standard pollutant 
factors are read in on card 9C , and the chloride and lead parameters on 
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card II. These last two parameters are used when snowmelt is being 
modelled. Specific formulas have been incorporated into the program to 
handle these pollutants, and the units of input are total pounds of salt 
applied in the subarea for chlorides (NACLB) and pounds per lOO ft curb 
per day for lead (PBRATE) . 

^.5 Urban Erosion 

The required data input for urban erosion is identical to that 
described in the EPA Version II User's Manual. 

't.6 Example Application 

A sample application of the RUNOFF Block to the Bannatyne 
sewer district is included in this section to familiarize the reader 
with the Canadian version. This area is discussed in some detail in the 
Volume I - Final Report, where it was used in several parts of the SV/MM 
study. 

The Bannatyne area is a medium-sized (5^2 acres) urban catchment 
consisting primarily of residential land. In this example, the area was 
discretized into k] subcatchments based upon the topographic maps and sewer 
plans available for the area. The following range of parameters was 
determined for these subcatchments and has been used in this example; 

Area - 5.1 - 23.1 acres 

Percent imperviousness - 22o^^ - 75.0% 

Subcatchment slope - ,002 - .011 ft/ft 

Manning's 'n' impervious - .013 

Manning's 'n' pervious - ,250 

Detention storage, impervious - .062" 

Detention storage, pervious - . 1 8't" 

Infiltration rate, maximum - 3.0 in/hr 

Infiltration rate, minimum - .5 In/hr 

The roughness, detention, and infiltration parameters in the above list 
represent default values. In addition to these, several snowmelt para- 
meters were selected, and also some surface quality parameters, since 
this example encompasses storm runoff quantity and quality, and snowmelt 
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calculations. These will be discussed in the descriptions of several 
(significant) relevant computer-printed tables. 

Figure 9 shows the Bannatyne area subdivided into its Al 
constituent subcatchments. Each of these was modelled in this example, 
and the surface runoff hydrographs were subsequently stored for input to 
the TRANSPORT Block. 

Table )0, at the end of this section, shows the input data 
cards used in this simulation. The numbers in parentheses to the left of 
each line of data refer to the card group number used in Table 8 to 
describe the data formats. 

Table 11 shows the first computer printed table from the simu- 
lation, which is basically a listing of the i nput initial control para- 
meters, rainfall data, and snowmeit data. Simulation has been specified 
for 80, five-minute time steps, long enough to cover the rainfall 
hyetograph plus a longer snowmeit produced recession curve. A rain-on- 
snow event was being simulated, and consequently the simplified heat 
budget equation was used, as indicated by the zero value supplied for 
the degree-hour melt rate. The rest of the snowmeit input data 
required, plus the temperature data, completes this table. 

Table 12 shows the gutter/pipe input data used in this example. 
One gutter/pipe was used in each subcatchment to simulate a lateral 
sewer. The diameter (width) and length of each gutter was determined 
from the sewer plans. A relatively high Manning's 'n' (0,018) was used 
to represent these gutters, since this area was not new. The "Gutter 
Connection" tells the model which "inlet" in the TRANSPORT Block should 
receive the hydrograph. 

Table 13 shows the input subcatchment data. Gutter/pipe 
simulation was specified, and the third column of Table 13 tells the 
model which gutter is to receive the hydrograph from each subcatchment. 

Table 14 shows the input snowmeit data. The initial snow 
conditions on the watershed have been set up by specifying the percentage 
of both pervious and impervious area which is covered by snow, and also 
the water equivalent of each snowpack. A smaller percent of the imper- 
vious area has been specified as snow-covered, representing snow clearing 
and removal on streets and lots. Initial free water, free water holding 
capacity, and default resistance values are also shown ^ 
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Table 15 shows the locations in the TRANSPORT network at which 
hydrographs will be stored. It also shows basic input gual i ty 
parameters . 

Table 16 shows the input gutter lengths and catch basins for 
each subcatchment which are used to compute the amount of pollutant 
source material available at the start of simulation. 

Table 17 shows the first output results of the simulatlonj an 
overall water balance between all major components of the runoff cycle 
which may be used to assess the overall simulation. In this simulation, 
the continuity error was only .09^. The total snowmelt contribution was 
260,000 cubic feet, and the total storm water runoff was 405,000 cubic 
feet. 

Table 18 shows the output quantity and quality results for one 
of the subcatchments. Eight quality constituents were modelled in this 
example. These hydrographs and pol 1 utographs may be printed for each 
subcatchment before being stored for use in the TRANSPORT Block, 

Figures 10 and 11 show the input rainfall hyetograph and the 
sum of all the computed subcatchment hydrographs, both "printer plotted" 
by the computer. 

The RUNOFF Block simulation has been completed, and the same 
example will be continued in the TRANSPORT section. 

4.7 Model Sensitivity and Calibration 

A knowledge of, or "feel" for, the sensitivity of the model is 
important both in calibrating or in conducting ordinary simulations, such 
as in the foregoing example. Although small variations have been repor- 
ted by different investigators, the following list shows the various 
hydrologic parameters in approximate order of their significance: 

- imperviousness , 

- width of overland flow, 

- infiltration, 

- surface retention depth, 

- Mann ing 's 'n ' , 

- ground slope. 
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In addition to their relative significance, each parameter may also 
affect, by differing amounts, the two basic components of the simulated 
hydrograph: peal< flow, and runoff volume. According to the underlying 
model theory, certain of these parameters (Manning's 'n", slope, overland 
flow width) are involved in the computation of the runoff rate in each 
time step, whereas others (infiltration, surface retention) are involved 
with the amount of rainfall losses in each time-step. It is logical, 
therefore, that the former group of parameters would most influence the 
peak of the computed flow hydrographs, and the tatter group the volume. 
Percent imperviousness affects both flow and volume of the runoff hydro- 
graph. These effects were demonstrated in Volume I of this report using 
several sensitivity simulations. 

Calibration of the model against measured data Involves adjust- 
ing one or more of these parameters to improve the agreement. Obviously, 
adjusting the proper parameter will achieve the best calibration in the 
shortest time. For example, if there is a sustained discrepancy between 
measured and computed flow rates over the simulation, then an adjustment 
of the imperviousness might be indicated. It is difficult to measure 
imperviousness accurately because some paved areas drain to grassed 
areas, or otherwise may not be directly connected to the sewer system. 
On the other hand, if only the initial part of the hydrograph is not well 
simulated, then the user might adjust the initial rate of infiltration. 
Truly, it is only through doing several simulations that the user can 
develop a good "feel" for how the model behaves. 

During this study, and in other simulations, the SWMM default 
va?ues were found to give reasonably good results. In fact, no calibra- 
tion was required in several cases. Therefore, no changes in the RUNOFF 
Block default values were made or suggested. Practical ranges of the 
model parameters that were used in this study and other recent simula- 
tions are as fol lows : 

Imperviousness, 5% - 95^ 

infiltration rates, max. 3"/hr - 6"/hr, 

min. 25'Vhr - T'/hr 

Retention storage, pervious .10" - .2" 

impervious .05" " .10" 
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Resistence factors, pervious .25 " .375 

impervious .013 ~ .030 

Percent of area with zero detention, 25^ - 50^ 

Additional discussion of model sensitivity and calibration is contained 
in Volume I of this report and also in the EPA Version II User's Manual, 
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TABLE 8. RUNOFF BLOCK CARD DATA 



Card Card 

Group Format Columns 



20A4 



215 



13 



IS 



F5.0 



15 



F5.0 



15 



IS 



F5.0 



1-5 
6-10 

11-13 



12 14-15 
F5.0 16-20 



21-25 



26-30 



31-35 



36-40 



41-45 



Description 



1-5 



6-10 



Title cards: two cards with TITLE 
heading to be printed on output. 



Control card: one card 

Basin identification number 

Number of time-steps to be 
calculated (Maximum = 150) 

Hour of start of storm (24- 
hour clock) 

Minutes of start of storm 

Integration period (time step), 
min. 

Number of hyetographs (rain 
gauges) 

Percent of impervious area with 
zero detention (immediate run- 
off) 

IROS = 1, Erosion for subcatch- 
ment is to be modelled 

If IROS = 1, Highest average 
30-minute rainfall intensity, 
In/hr. 

If ISNO 'f Snowmelt is called 



Variable 

Name 



Rainfall control card. 

Number of data points for each 
hyetograph (maximum = 200) 

Time interval between values min. 



IBASIN 

NSTEP 

NHR 
NMN 

DELT 

NRGAG 

PCTZER 
IROS 

RAINIT 
ISNO 



NHISTO 
THISTO 



Default 

Value 



Blanks 



None 




None 

None 

25.0 



0.0 




None 

None 
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TABLE 8. (CONT'D) 



Card 
Group 



Format 



Card 
Columns 



Description 



Variable 
Name 



Note: The Runoff block requires only one scratch data-set. 
All non-decimal numbers must be right-justified. 



REPEAT CARD GROUP A FOR EACH HYETOGRAPH. 



10F5.0 1-5 



6-10 



11-15 



16-20 



Rainfall hyetograph cards: 10 
intervals per card (Maximum 
number of values = 200) . 

Rainfall intensity, first 
interval, in/hr 

Rainfall intensity, second 
interval, in/hr 

Rainfall intensity, third 
interval, in/hr 

Rainfall intensity, fourth 
interval, in/hr 



RAIN(l) 
RAIN(2) 
RA1N(3) 

RAIN(4) 



Default 

Value 



None 



None 



None 



None 



4A 



4F10.0 



Snow Control Card 

Include card 4A if ISNO i^ 

on card 2 

1-10 Degree hour melt rate. If this 
field is zero or blank the DHMR 
method is not used for snow melt, 
snow melt is calculated using 
wind, elevt. , and rain, 

11-20 Snow melt base temperature 

21-30 Wind speed (MPH) 

31-40 Elevation of area (in thousands 
of feet le 1000 ft =1.0) 



DHMR 



TBASE 
WIND 

ELEVT 



None 



TABLE 8. (CONT'D) 



Card Card 

Group Format Columns 



4B 



16F5.0 1-5 



6-10 



Description 



TEMPERATURE AT EACH TIME STEP 
Include only if ISNO ^ on 
card 2 

16 intervals per card (maximuin 
number of values = 200) 
Temperature in degrees fahren- 
helt for first interval 



Variable 
Name 



TEMP(l) 



TEMP(2) 



Default 
Value 



TEMP (NSTEP) 



110 1-10 
215 11-15 



7F8.0 



16-20 



21-28 

29-36 

37-44 



REPEAT CARD 5 FOR EACH GUTTER/PIPE. 

Gutter/pipe cards: one card per gutter/ 
pipe (if none, leave out) (maximuin 
number = 200). 

b 
Gutter /pipe number. 

Gutter or inlet number for dr linage. 

= 1 for gutter, 
= 2 for pipe. 

Bottom width of gutter or pipe 
diameter, ft. 

Length of gutter, ft. 

Invert slope, ft/ft. 



NAMEG 
NGTp 

NP 



-t 

Problems may occur when zero rainfall occurs several time-steps before 
the actual start of the rainfall (the computer underflows). 

Numbers may be arbitrarily chosen. However, if inlet number is to correspond 
to inlet manhole for Transport Block, it must be j^ 1000. The maximum total 
number of inlets must be :^ 50 for input to Receiving or ^70 for input to 
Transport. 



None 
None 

None 



GWIDTH=G1 None 
GLEN =G2 None 
GSL0PE=G3 None 
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TABLE 8. (CONT'D) 



Card 
Group 



Format 



Card 
Columns 



Description 



Variable 


Default 


Name 


Value 


GSl =G4 


None 


GS2 -G5 


None 


GN =G6 


0.018 


DFULL=G7 


10.0 



45-52 
53-60 
61-68 
69-76 



Left-hand side slope, ft/ft. 
Right-hand side slope, ft/ft. 
Manning's coefficient. 
Depth in gutter when full, in. 



Blank card to terminate gutter 
cards: one card (must always 
be Included) . 



315 



10F5.0 



1-5 

6-10 
11-15 

16-20 



REPEAT CARD 7 FOR EACH SUBCATCHMENT. 

Hyetograph number (based on the 
order in which they are read in) . 

Subcatchment number. 

Gutter or manhole number for 
drainage.^''' 

Width of subcatchment, i . 

This term actually refeis to the 
physical width of overland flow 
in the subcatchment and may be 
obtained as illustrated under 
Instructions for Data Prepara- 
tion.'^ 



JK a. 

NAMEW None 

NGTO None 

WWIDTH=W1 None 



Numbers may be arbitrarily chosen. However, if inlet number is to correspond 
to inlet manhole for Transport Block, it must be ^1000. The maximum total 
number of inlets must be ^ 70 for input to Transport or ^50 for input to 
Receiving. 

Need one inlet or gutter/pipe for each subcatchment basin. 

'As an approximation, twice the length of the principal drainage conduit 
through the subcatchment may be used. 
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TABLE 8. (CONT'D) 



Card Card 

Group Format Columns 



Description 



Variable Default 
Name Value 



F10.5 



21-25 
26-30 
31-35 
36-40 
41-45 
46-50 

51-55 
56-60 
61-65 
66-75 



Area of subcatchment , acres. 

Percent impervlousness of subcatchment. 

Ground slope, ft/ft. 

Impervious area. 



Pervious area. 
Impervious area, 



Resistance Factor 
(Manning's 'n') 



Retention storage, 
(in.) 



Pervious area 

Maximum infiltration rate, in/hr. 

Minimum infiltration rate, In/hr. 

Decay rate of infiltration in Horton's 
equation, 1/sec 



WAREA =W2 


None 


PC IMP =W3 


0.001 


WSL0PE=W4 


0.030 


W5 =W5 


0.013 


W6 =W6 


0.250 



WST0RE=W7 0.062 

WST0RE=W8 0.184 

WLMAX =W9 3.00 

WLMIN =W10 0.52 

DECAY =W11 0.00115 



8A 



15 



9F5.0 6-10 



11-15 



Blank card to terminate subcatchment 
cards: one card. 



SNOW SUBCATCHMENT DESCRIPTIONS 

Include only if ISNO ^ on card 2 

1-5 Subcatchment number (all subcatchments JK 
in card type 7 must be included. They 
must both be in the same order) 
If JK = -1 the rates for W12 - W19 
are changed. 

If JK = -2 the default values are 
changed . 

Percent of Impervious Area covered 

by snow W12 

Water equivalent of snow on area W12 

(in.) W13 

16-20 Percent of pervious area covered by W14 
snow 
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TABLE 8. (CONT'D) 



Card 

Group 



Format 



Card 
Columns 



110 



110 
2F10.0 



1-10 



Description 



Variable 
Name 



21-25 Water equivalent of snov? on area 

WIA (in.) 

26-30 Ratio of free water holding capa- 
city to water equivalent of 
snow on W12 (Percent) 

31-35 Ratio of free water holding 
capacity to water equivalent 
on W14 (Percent) 

36-40 Ratio of initial free water 
to water equivalent (Percent) 

41-45 Mannings N for area W12 

46-50 Mannings N for area W14 



SURFACE QUALITY CONTROL CARD 



Surface Quality 

NQS = 0, no quality modelled 

NQS = 1, quality to be modelled 

AAA***** XHE FOLLOWING PARAMETERS ******* 
ARE NEEDED ONLY IF NQS = 1: 



2F10.0 11-20 



21-30 
31-40 
41-50 
51-60 



Number of dry days prior to this 
storm in which the accumulative 
rainfall is less than 1,0 inch. 

Street cleaning frequency, days 

Number of Street sweeper passes 

3 
Catchbasin Storage volume, ft . 

Concentration of BOD (mg/1) , of 
the stored water in each catch- 
basin (100 recommended) 



W15 



W16A 

W16B 

W17 
W18 
W19 



NQS 



Default 
Value 



None 

None 

3.0 
.013 



DRY DAY 


0.0 


CLFREQ 


0.0 


NPASS 


§ 


CBVOL 


0.0 



CBFACT(4) 



0.0 
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TABLE 8. (CONT'D) 



Card Card 

Group Format Columns 



IS 



13 



61-65 



66-70 



Description 



Variable 
Name 



Method for calculating suspended solids ISS 

ISS = 0, same as for all other 
pollutants (Vol. I). 

ISS = 1, special technique. 
Same as in original Release 1 
of the SWMM. 



If lABLK i= calls initialize 

routine 

=1 reads DDFACT 

=2 reads DDFACT i QFACT & PNAME 



lABLK 



Default 
Value 



9A 



9B 



9e 



5F10.0 



110 



1-10 
11-20 
21-30 

31-40 

41-50 



1-10 



5F10.0 



1-10 
11-20 
21-30 
31-40 
41-50 



ABLK DEFAULTS 
DDFACT VALUES 
Include if lABLK ?^ on card 9 

Dust and dirt factor land type 1 

Dust and dirt factor land type 2 

Dust and dirt factor laid type 3 

Dust and dirt factor la 1 type 4 

Dust and dirt factor land type 5 



Include cards 9B, C, if lABLK ^ 
or 1 on card 9 

N«mber of pnHutnnto for quality 
factors 



DDFACT (1) 





DDFACT (2) 





DDFACT (3) 





DDFACT (4) 





DDFACT (5) 






NQS 



Repeat card 9C for each pollutant 

Quality Factor for Pollutant 1 for QFACT(1,1) 
land type 1 

Quality Factor for Pollutant 1 for QFACT (2,1) 
land type 2 

Quality Factor for Pollutant 1 for QFACT(3,1) 
land type 3 

Quality Factor for Pollutant 1 for QFACT(4,1) 
land type 4 

Quality Factor for Pollutant 1 for QFACT(5,1) 
land type 5 
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TABLE 8. (CONT'D) 



Card 
Group 



Format 



Card 

Columns 



Description 



Variable 

Name 



Default 
Value 



2X.2A4 53-60 



Name of Pollutant l' 



PNAME{1) 



10 



11 



Erosion card. 

If IROS = on Card 2, SKIP 
to CARD 11. 

RHPEAT CARD 10 FOR EACH SUBCATCHMENT. 

j§ 1-5 Subcatchment number (must be read 

In same order as Card Group 7) 

5F5.0 6-10 Area of subcatchment subject to 

erosion, acres. 

11-15 Flow distance In feet from point of 

origin of overland flow over erodable 
area to point at which runoff enters 
gutter or manhole. 

16-20 Soil factor 'K'.^ 

21-25 Cropping management facto- 'C. 

26-30 Control practice factor 'P'. 



SUBCATCHMENT SURFACE QUALITY DATA 

CARDS 

(one card per subcatchment and must 

be read in the same order as Card 

Group 7). If NQS = 0, skip to 

Card 12. 



ERODAR(N) 



None 



0.0 



ERLEN(N) 


0.0 


SOILF(N) 


0.0 


CROPMF (N) 


0.0 


CONTPF(N) 


0.0 



5X 
215 



1-5 
6-10 



Not used. 
Subcatchment number 



None 



^Refer to EPA Version II User's 
Manual for order of pollutant 
input. 

See instructions for data preparation 



^See instructions for data preparation 
and consult with local Soil Conservation 
Service or Agricultural Research Service 
experts . 
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Card 
Group 



Card 
Format Columns 



11-15 



2F10.0 16-25 
26-35 

36-45 
46-55 



12 



215 



13 



1615 



1-5 



6-10 



Description 



Variable 

Name 



1-5 

6-10 

11-15 



Land use classification. 

= 1, For single family residential 

= 2, For multiple family residentia] 

= 3, For conmiercial 

= 4, For industrial 

= 5, For undeveloped or park lands. 

Number of catchbasins in subarea. 

Total length of all gutters within 
subarea, hundreds of feet. 

Total pounds of salt applied In sub- 
area 

Loading factor for lead in lb per 
IQO ft of rnrh/H;.y 



KL 



BA 



GUTTER/ INLET PRINT CONTROL: ONE CARD 

Number of gutCers/inlets for which 
flows are to be printed (maximum = 
200). 

Number of time-steps between print- 
ings 



NPRNT 



INTERV 



IF NPRNT = 0, SKIP CARD 13. 

GUTTER/ INLET PRINT CARDS: 
16 VALUES/ CARD. 

Gutter/inlet numbers for which flows 
and/or pollutants are to be printed. 



Default 

Value 



None 



GQ 


None 


CLLBS 


None 


PBRATE 


None 



None 



IPRNT(l) 


None 


IPRNT(2) 


None 


IPRNT(3) 


None 



IPRNT (NPRNT) 



None 
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TABLE 9. RUNOFF BLOCK VARIABLES' 



Varlabl* 

Nana 



Dcacriptlon 






|i EC ranovlng co*((lcl*nt 

XSUB C Kia* of (ubirea 

KTOT c Total ana of aubaraa draining to all Inlata 

KVAJL rrarticn ct tot«l duat and dirt avallabla at 

•tact at tine-atep 

AVGFLO C Average lunoff within a tlaa-atcp 

AXO Traperoldal cron^'Sectional area, atarCing 

hXl Trapezoidal cross-nactlonal area, final 

:•■ SS reiDvirg coefficlant 

BOD c SCO r«nDved at each time-atcp to th« Inlat 

BOONS Non-soluble BOD trom dust and dirt refovcd 

during each tine-stap 



Removing coefficient 

BOD renoved during one tiiw-atap Including boC^i 
catchbasin and surface area 

Concentration of BOD in each catchbaain 

Pollution renoved from the catchbasln 

Density of catchbasint 

BOD removed fro* catchbasins during one tiH- 

step 

CUU5 C BOD remaining after each tiaw-atep 

CBNUH Nmber of catchbasina within a aubarea 

Does not in clude variables added during updating. 

*C ■ Variable naaiaa shared in coimon blocks. 



i 


C 


CBASTH 


C 


CBBOD 




CBCENT 




CBDEN 




CBINC 


c 





Variable 




Units 


Nana 


C* 




COSUM 


C 


•:ra 


CBVOL 




sere 


CCOLI 
CLEAN 


c 


cfa 


CLFREC 




m :c 


O3NB0D 




• q It 


CONCSS 
CIMVtV. 
C0HV2 




Ib/DT 


CURVE 




Ib/DT 






Ib/DT 


DCORR 




niq,L 


DC 




»- 


DDELV 




Ho. /acre 


DECAlf 
DEL 


c 


Ib/DT 


WW 


c 


Ift 


imM 




ing. 


DELT 


c 




ULLT2 


c 




OELV 





Osicriptlon 



Units 



Stm of the drainage to catchbaaln in eadt tina-atap gal 
VoluiM of liquid renaining in a catchbaain 



gal. 
HPN/lOa ml 



Concentration of colifpni bacteria of a aubatea 
during on* tioie-step 

Huinber of cleanings since last atoiii 

Frequency of street sweepings 

Av4^raqe co.Tt-entratlOfi of BOD ducjng eez'i '.ime- 

step Sig/L 

Aweiagt concentration of SS during each time-step aq/L 

Factor (or converting Ib/DT/cfs to Siq/L 

Integer that converts flow unit froa cfs to 

100 ml/min 

Name of subroutine 



Computational variable, internal 

Change in trapeznidai cross-^Tf irinai area aq ft 

ltir>?-9tpp water deptTi ft 

Dust atid dirt accufln^ii^t i jn ! ate for eacn subarea 

Rate of change in voluane change 

Ejqjonential decay rate for infiltration l/»ee 

Time-step change in depth of watershed flow 

Instantaneous pipe diameter in radians radian 

Kewton-Raphson change in depth for correction 

Integration time interval a*c r Mln 

One half of a time-step min 

Average volume change 



TABLE 9. (CONT'D) 



VarlabU 



Daicrlptton 



Unlta 



Variable 



OaaarlptLon 



Vkilta 



U1 
OD 



V liM of voluaa ehano* plua riow chanq* tlna tlM 

tnatl ChiHiga in (low 

teuiL OuttaC* uclBia dapth (lor plpM DTULL • J.M) 

SQ Iiwtantanaoua dapth 

OMIH Runeff to aach catchbaaln during aach tli»-itap 

DKYMT Hiabar of dry day* prior to atorm 

Dt Tlaa-atap Intarval 

OIMn c Duaay ii^im block 

mH Chan^a In wattad pcrlaatar 

At Catlaatad final dapch 

>B Hundxad tlaaa avaras* runoff 

■MDTIJI Tl»a of alaulation, 34 hour clock ' 

IMOR Naaa of arror atataaant 

■■T Coafiutational varlabla 

ttKM Co^utational varlabla 

i NMton-Baphaon voluaa corractlon (MSHED) 

:f 55 raBDvad during ona tlaa-atap ISFQUJU.) 

rUM Avaraga flow 

rUMD Starting flow 

FLCWl Final flow 

OCOH C Manning 'a aquation laaa hydraulic radiua 

CSEPTH c tnatantanaoua gutter dapth 





CTLON 


c 




Gtn 


c 


In. 


at 


c 


If 


GRAM 


XP 


gal. 


CS 




day. 


GSLOPC 


c 


t*S 


mi. 


c 




GSZ 


c 




correii 


c 


te. 


CHIDTH 


c 





m 






m 






m 






m 






m: 




Ib/OT 






ISM 


HCURVE 




eSa. 


HCRAPH 


i 


«a* 


KISTOG 


c 




mux 


c 



Cuttar flow 

Langth of guttar/pipa 

Hanning'a roughnaaa oeatficlant 

Naaa of ii^routina 

Factor in a g i om txic aariaa 

Slepa of guttar/plpa 

Cutter aida alopa, laft 

Guttar aida alopa, right 

Length of guttar Iti airiiaraa 

?lpa diaa»tar or guttar widtli 

Maad In value of bottoa width of gutter or 
pipe dlaaatar 

Read In value of length of guttar 

Read In value of Invert alopa 

Read In value of left-hand aide alopa 

Read In value of right-hand aide alop* 

Read In value of Hanning'a coatfleient 

Read in value of dapth of gutter whan full 



Nana of aubroutlne 

Magnitude of varlabla to be printed in wartlcal 
coordinate of the curve 

Length of hiatograa eapreaaed In tlH 

Hoiirontal tltla wit of hydrograph in tiiH 



efa 



It/ft 

ft/ft 
ft/ft 

loo-tt 

m 



inx 



TABLE 9. (CONT'D) 



Vwlabl* 



tomcitptlon 



ttilta 



Variable 



Dcacrlptton 



titalta 



M 



HTtie 

HTDMO 

f 

ina 

irrmn 

iHotm 

IX 

m. 
Ik 

IKOOMT 

man 

IHO 

IKLKT 

IXPT 

UKIT 

mroiT 
umitv 

lOOTCT 

itona 

IPPHT 



Tlaa latarval to b* printed In th* horlaontal 
coordlaat* of Um curra 

IMMa of MbiQutlna 



>oohfcaiyla9 lata«ar 

Oct loot epMBt w 

Sureharfa Indicator 

■aaa of acratch tapa 

Hour of atart o( atotvi 34-lKHir clock 

•ooitlcaaptitq Intasar 

•ookkaaplng liita9ar 

■ookkaapljiq ljita9ar 

Minuta of atart of atora 

Haaa of tba tapa 

•ookkaaplnq Inta^ar, tlxa latarval 

Inlat 



IMVE 


c 


luir 




WBI 









«» 


c 


#■ 




M 




JU. 




»■ 


c 


■Seat 


c 



Bin 



Varlafala wtilcli txanafar profraA ttom tapa to 
coipllar 



Inlat Bu 

Printing oovntar 

Intarral In taqri cation cycloa (or printed 
hydrofrililu 



MaM of the 

Intaraal polntax 

Pelnta (or vltlch hydroqrapl) will be printed 



K 
KHOUM 

MAND 

wmi. 

KSPOT 

■cm UK 

KTSTEP 



Politta for which hydroqraph el 11 be aa*ed 
■ladiar of Inleta Blnua one 
■ooMieaplnf Intaqar 

■ooMcaeplng Inta^r 
Kama of Input tape 
•ookkeeplnf integer 
Bookkeeping integer 
Do loop counter 
Mwrifter o( input Banltolea 
Maaa of output tape 
•ookkeeplng integer 

Bookkeeping integer 

Hour of Btert o( atorm, 24-hDur clodt 

Bookkeeping Integer 

Do loop counter 

Land use 

Minute of start of itora 

Tenfiorary aubaraa niartiar reaet to Inlet a«ad>er 

Computational coiaiter 

Do loop coiaiter for Skim 

Bookkeeping Integer 

Nui^cr a( aubarea 

Tiae-step counter 
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Vu labia 



Daacription 



Variola 



Daacrlptlon 



IMlu 



S?** 

^'@:: 



L 

m 

mourn 



H 
HAHEH 

HCLEAM 

NEXDAY 

'm- 

MGACP 

NGOTO 

NCTOC 

NCTOI 

HGUT 

HHISIO 

KHIt 

NHYET 



c 
c 
c 

c 

c 



■ookkaaplnq inta^ar 
•ookkaaplnf IntaTar 

BookK««pln9 ljit49cr 
CiMfiutatlonal coiaitar 
fi<jokki^3pin9 integer 

BookkaaiJlng intaqai 

exccrnal lubcatctmcnt nunbar 

Kufibar of claanln^a Binca Lait at<ir« 

SooJikaaptng Integer 

Nunbei' of day* aftei start of atorv •iButation 
and* 

Nunber of guttara 

Nmber of giephic point 

Gutter nuHber to which watarahad draina 

Gutter conhactlona 

Inlet connection* 

Bookkeeping integer 

Nuabar of rainfall tiita Interval 

Hour of tht Btart of ■ton 

Nunbar of hyetoqraph 

mxlBUll niaibeE of gutter* draining to gutter, 
and watersheds draininq to gutter 



day 



h* 



MING C 00 loop countar 

MINLTS Total nia*ai of Inlata 

Wii Ninutaa of tlia atart of abora Kin 

HBQ C Total nuatoar of guttara/plpaa 

W^jB. Bookkeeping intaqar 

HOfASS Nu^bar of atraat awaepar paaaaa 

HOUT Output flla varlabl* 

W Read in value of NPa 

'IpS C Control switch for type of gutter, 1-rcgular, 

J-plpe, )-diaay connected directly to inlet 

NPRINT Nuatwr of tlna-stepa batseen printing 

NPWT C Mi^ber of point* where hydrograph* are printai^ 

Mt>T C Nuaber of points to be plotted 

NOUAl- Nusiber of quality conatituenta used as lero in 

Runoff quantity 

HMlN C Nuaiber of rainfall 

NRANVL Rain data points llsiitet 

NRCAC C Nunber of hyetoqraj^-ht 

HSkVf C Nuaiber of pointji whci* hydrogr*^* are saved 

NSCRAT C Hane of the tape 

NSIIED C Number of the watershed 

NSPOT Bookkeeping integer 

NSTEP C Nunber of tine-steps 

NSTOP Error switch 

"TIHEH Hour of day of aiaulatlon (24-hour clock) ^ 
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DBaeciptlo* 



n^M 



flU iB^atlflac 




■■■■I OM tlM-Bfp 



Itritt tnm !«■< 



P> 



ous ■eclaoatal tlUa a*it ter 

tlaa 

ODinH c PloH oiit at tk* t» t>T 



rarcHit iwmnl of ■» br 



!• «t 



Panaat 



ef Ci tarn •ncal 



af 



P«rc*at a< la|Mr*li>^ araa wttt 



W' 



■ol^la BOD t> *Ht Mid dlz« 

«Bt«l BCD —■lli*lj fiiB CB«Gl*aalBa 

MD avmLUkl* !■ aach otrWmla ■« atart 



kr 
Kffa 

i 
% 
% 
% 

X 



srguM. 

nun 



•tartlat hjtulic tm»km 
Piaal bydraallc radlta 
e tainfall 

tbaat taaa y t maevtl aftlclaner 

C HaMlatat aoat aad dirt attar aadk tlaa^^tap 

Maaa of aiAroatiaa 
C laafirwnna raiafall rata 

C laflltratia laaa, taataafanaa 

C Ipataiitaaaoua ri^ff (w aach Inlat 

A«*ra9a runoff o«ar a tlaa atap 
C Ptov aatarlag laput auiboiaa 

C tatal coUfom la nanft 

IMaa of ai^rovtliH 
•cratcli tap* warUhla. aif<Hmatt«d 
Scratch tjpa «arl«bla, laifaiaattad 
Scratch tapa ««rlakla, aaforBattad 



ih/at 
a/at 

eta 
ef 
ft 
ft 

iB./lK 



la.Ar 

iji./kr 

efa 

la.^U- 

cfa 

wa/Ua 



MM 



■ 

J! t 



If 



3 : 



a a 



Ml 



nniiji! ii 

nilHliilih 



nil 



«4 ^ «4 B ■ 

llili 



h 



U si in si If 



a 
I 



o 



en 






a 

II 



9 a ii 9 "s t r 



} ! i ! fl I 

HI! :L 



l!l 




3 

3 



s s B a 



I S f I ! 



8 

S 

1 



Ii 

lU 



3^ 3^ 3i 



«1 £ 



a 

i 



I 



i9 ^ 



I 

a 



ia 



^ S 5 



3 

I 

3 

1 



!j !! 



- 3 3 3 
Hi » 6 B 



a a 



t 

n 

R > I 

hi 

3 M 8 



I 

9 



Hi 



t ! i 



il 



i 
I 

I 1 



I 



Ih! 



3 3 



ll 



mil 



t 

e £ 
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V«rl«bl« 



C^ 



TTCBNC 
TTCBST 

TTPPSS 






i*Mi* 


c 


:*l^ 


c 


KMPtH 


c 


:«•*[?■ 




iiruw 


c 


'tiiyB^: 


e 


WLMIN 


c 


HH 


c 


'>m 




■mm 





tescrlptitin 



Unlta 



Varlabl* 

Naiv 



Siw of th* original duat *nd dirt avall*bl« In 
tha cctchbasln 

Sun o( tha original duat and dirt avallabl* on 
Burfaca drainaga area 

Total rcKval of BOO troii all of catchbaaln and 
Burfaca area 



TuCdl reKval of BOD of all caichbaalns 
Total raanval of BOO froa all aurfaca aiaa 
Total rcBDval of SS of all araaa 
Starting tlna of tha hydrograph 

Vertical title lini-t for hydrograph 
Vertical title unit for hydrograph 



iMparvlouB area of watarahad with ii 
Area of watershed 



lb 



lb 



WSHED 

HSLOPE 

HSTORC 



Modified Hanning'a eqoationa, inparvloua and 
pervious portiona of watershed 

Instantaneous depth on watershed 

Average watershed flow during tiaa interval 

Instantaneous flow froa watershed 

haxisiiBi infiltration rate 

Miniitia infiltration ratea 

[ABiwy variable 

Hatted fmtimitt , atartlnq 

Metted aaslaatar, final 



lb kMIDTH 

lb Wl 

lb W2 

lb H] 

aac HI 

HS 

in./hr M6 

in./hr H7 

Ma 

late ruKkff aq ft H9 

acrea, sq ft uio 

Hll 



cfa 
cfa 

In./hr 
In./hr 

ft 
ft 



XLM 



Ovacclptlon 



onita 



Nana of aubroutina 

C Average slopa of watershed 

C Hlnlmai and maxiiauB storage depth on surface of 

watarahad 

C Average width of watarahed 

Read in value of the average width of watarahad 

Read In value of the area of watershed 

Read in value of the percent of ii^wrviouancee 

Kaad in value of slope of watcrahed 

Seaiatance factor for isf>crvious area 

Reaistancc factor for pervious area 

Ratentlon atorage for iBpervioua area 

Retention atorage for pervious srea 

Read in value of BuiBia Infiltration rate 

Read in value of BiniBua infiltration rate 

Read In value of decay rate of infiltration 



NiaAar of tiaa interval used in tha horliontal 
coordinate 

Hiniaiai point In the hoilsontal scale 



Hk«t>ar of point uaed in the vertical coordinate 
Mining point in the vertical scale 



ft/ft 

it 

ft 

acre 

« 

ft/ft 



in. 

in./hr 

in./hr 

1/see 
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\'ai-ia 


blu 






l<a.r.iii 




C* Description 


b'nlts 


ISXO 




Snowmelc control integer 




Dfi>'K 




Dcgrte-hour lAclt rate 


in/deg- 
day 


TflASE 




Snoi.iEelt b"o^ i:ca;pi;r.^ture 


1- 


WINU 




V.'ind speed 


T.ph 


el::vt 




nievatlor. _ol basin 


lOOO ft. 


TSM? 




TL-perature in each cii..e 


°F 






S-v>p 



W13 


Wi4 


w;5 


Wi 6 A 



Variable 

Nazie C* Description 



iijcur equivaier.c uf W14 -i^^ 

itatio of free water halili 

C£puC 

or. Wl 



W16B Ratio of free water holding 
capacity to water cquivaient 
on W14 



W17 Ratio of initial free Woter 
to V'jter equivalent 

WIS M.-innir.g's 'n' for -,^^2 

V;i9 Manning's 'r,' for WU 

lAELK DDFACT & QFACT Read in integer 

DDFACT Dust and dirt loadir.g ritei lb: ./HO' 

curo/J>.y 

'^QS Kurr.ber of quality factoi..s 

... T ,, , Dtfing read in 

""■ rcrccriw of impervious area 

covered by sr.ow PNAME Name of pollutant 

Water equivalu.-.t of snow on ■rfl2 in. qfaCT Pollutant quality factors :v.r./L'z 

~ - . Oi bj 

c'e^i.-^T.z oL p:;rvious area 

CGV.r^a by snow NACLBS Lbs. of C.Uoride applied to 

5ub-area Lbj . 

PBRATE Lead loading rate lis.'. 00' 

ccpiCLty to water ur^ulvalu-nt 



TABLE 10. RUNOFF SAMPLE INPUT DATA 

(Corresponds to Output in Tables II to 18) 





kii\(j(-f 


























(1) 

(1) 


HANNAtrNt Sfw^H 


DisrwicT 


















ft A "V C H 


SUMM 


, MAIN WITH SNOiv 


















(2) 


1 


80 


4^0 


5 


1 




1 














(3) 
(4) 


^1 


5,0 
























(1.12 


0.12 


1.08 


1 ,iO 


0.96 0.7? 


0,24 


,36 0.24 


0. 36 












((.,'4 


0.0 


0.12 


0,00 


0.46 0.12 


0.24 


.12 0.0(1 


0.12 












(4) 


O.OO 


























(4A) 




f) 




50. 


10. 




.50 














(48) 


3S. 


35. 


35. 


55. 


35. 35. 


55. 


55. 55. 


i5. 


35. 


55. 


55. 35. 


45. 


55. 




55. 


-^^. 


55. 


35. 


i5. 55, 


35. 


55. 35. 


55. 


35. 


35. 


35. 55. 


55. 


55. 




^5. 


55. 


55. 


55. 


35. 55. 


55, 


55. 35. 


55. 


45. 


55. 


55, 35. 


55. 


55. 




55. 


55. 


55. 


55. 


55. 35. 


35, 


35. 35. 


55. 


55. 


35. 


35. 35, 


55. 


55. 


(4B) 


35. 


55. 


45. 


55. 


35, 35. 


55, 


35. 55. 


45. 


55. 


55. 


55. 35. 


45. 


45. 


(5) 

(51 




151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 

168 

169 
1 70 
171 
172 
175 
174 
175 
176 
177 
17fl 
179 
IHO 
181 
182 
185 
184 
185 
186 
187 
188 
189 


1 

28 

530 

58 

34 

35 

4 

50 

25 

26 

402 

401 

515 

405 

6 

8 

10 

501 

505 

15 

540 

205 

202 

201 

101 

40 

19 

20 

22 

501 

502 

503 

505 

504 

601 

15 

510 

9 

702 




1.25 
1.25 
1 .25 
1 .25 
1 .25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1,25 
1.25 
1.25 
1.25 
1.25 
1,25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 


415,0 

5 70,0 
65 0.0 
405,0 
825.0 
7 5(i.(» 
200.0 
9/5.0 
/45.0 
455.0 

5Ho.n 

780.0 

1270.0 

500.0 

650.0 

665.0 

1 130.0 

895.0 

1215.0 

110.0 

7 75.0 
1103.0 
1510,0 

6 0.0 
385.0 
415.0 
4 15.0 
370.0 
625.0 
bl5.0 
355,0 
500,0 
800,0 

8 0,0 
480.0 
160,0 
800,0 

10/0,0 
540.0 


0.0195 

0.0 72' 

0.0021 

0.0 59 

0.0050 

I). 0047 

0.0155 

0.0(150 

0.0045 

0.0068 

0.0065 

0.0043 

.00'84 

0.0060 

0.0124 

0.0101 

0.0067 

0.0043 

0.0 35 

0.015U 

0.0030 

0,0045 

0.0057 

0.0029 

0.0054 

0.0031 

0.0019 

0.0021 

0.0054 

0.0030 

0,0016 

0,0024 

0,0042 

0,0031 

0.0057 

0.0198 

0.0082 

0.0 36 

0,0054 








0.018 
(1.0 IM 
0.018 
. 1 H 
0.01 8 
Ci . U 1 H 
U . I 8 
0.018 

o.infe 

(J . 1 8 
0.018 
0.0 18 
0.018 
0.018 
. U 1 8 
0.018 
0.018 
0.018 
0.018 
U.iH 8 
0.111 8 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0,018 
0.0)8 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
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1<>() 


7(11 


I 


1 .?s 


77S.O 


0.0U2S 


!l! 




I'^l 


ai 


1 


l.^S lOOb.O 


0.0020 


(7) 




1 


1S13?16 


, 9 


.^^?^ 


.430 


.011 








,> 


l'>c?S^7? 


. lb 


.343S 


. 1^0 


,00b 








5 


1S3^H30 


, M 


.7738 


,440 


.00? 








a 


Iba7as7. 


.17, 


.ie43 


.bbO 


.004 








s 


lSS97ba 


. I'* 


.SS30 


.8S0 


.002 








6 


156BS6S 


.IS 


.7349 


.430 


.00? 








7 


1S73S17 


.14 


, 1 34b 


.170 


.00? 








H 


IbWiiB^b 


.1 7 


,42S6 


,710 


.0 0? 








9 


\'^9i^^o 


.13 


.05S? 


.b^O 


.00? 








10 


\bo^^^^ 


. 10 


.b3S8 


.?70 


.00? 








11 


161^97? 


. b 


, 14a4 


.900 


. U 3 








li? 


\hm6\b 


.17 


.6954 


.soo 


.00? 








li 


lb}a976 


.19 


.4?3n 


.000 


.002 








la 


lba?PS8 


. b 


.8950 


.00 


.00? 








IS 


IbSlSOO 


. b 


. 1 730 


.000 


.002 








lb 


lb630'J0 


. 9 


.9S50 


.000 


.00? 








17 


lb7739a 


.?P 


.44S0 


.000 


.002 








16 


ibBaina 


. 1 i 


.0730 


.000 


,00? 








1^ 


lb9778n 


.^i 


,^?.1>0 


.000 


.007 








^o 


I70<?38a 


, 9 


.^930 


.000 


.00? 








<?i 


i7i?5a^ 


.?o 


.337S 


.000 


.00? 








^£? 


1 7?7blb 


.^1 


.3350 


.000 


.00? 








^5 


l73biJ23 


.?3 


, 1S30 


.000 


.00? 








?a 


l7a^3()b 


. 8 


.4730 


.000 


.00? 








^s 


17SlbhO 


. S 


.1430 


,00 


.00? 








^b 


1 7616bO 


, 5 


.4150 


.000 


,00? 








^7 


1771 bbO 


. 7 


.a850 


.000 


,00? 








^fl 


1 7«ba6'4 


.lb 


.6^30 


.000 


.0 0? 








^9 


179^450 


,1'' 


.4150 


.000 


.00? 








SO 


I HOI 3 39 


.10 


. 7 b 5 


.000 


.0 0? 








it 


1P1??91 . 


. 6, 


.5130 


,000 


.00? 








^2 


\i^??itm. 


.10 


JiOlt'. 


.?50 


.00? 








53 


1833300. 


.U. 


,Sb50 


. 


.004 








3a 


ipy33oo, 


,1^. 


,S830 


.000 


.00? 








3S 


IH'5S77S. 


.IS 


.9150 


.000 


.00? 








4h 


IH6bOS5. 


.17 


,S130 


.000 


.002 








J7 


1871511, 


,11, 


.90 50 


.0 00 


.002 








i« 


1883036. 


.11, 


.lb50 


.01(0 


.002 








39 


189 7a?. 


. /. 


,1330 


.000 


.00? 








ao 


l'»0b77O, 


.14 


.9^30 


.000 


.002 




(7) 

t f^ \ 




a! 


191389S, 


.18, 


,9b^3 


,90 (J 


.002 




(8) 

(8A) ' 


<"d. 


.«3 84. 




,^3 


^, 


2. 


2. 


V ^" ' 


? 


^b. 


.45 84, 




,'^3 


?. 


?. 


2. 




i 


^s. 


.45 84. 




,43 


2. 


2. 


2. 




a 


^s. 


,43 84, 




,45 


?. 


?. 


?. 




b 


?s. 


.43 84. 




45 


?. 


?, 


2. 




b 


r^S. 


.43 84. 




43 


^, 


?. 


2. 




7 


^">. 


.4 3 84, 




43 


?. 


?, 


?. 




8 


?b. 


.43 84. 




4 5 


?, 


2. 


?. 




4 


r-S. 


,43 84. 




43 


?. 


?. 


2. 




1 (i 


^'3. 


.43 84. 




43 


? , 


?. 


2. 




t 1 


?s. 


,43 84. 




43 


i. 


?. 


?. 




1^ 


^*3. 


,43 H 4 . 




4 5 


?, 


?. 


?. 




1 6 


^s. 


.43 H4, 




45 


^ . 


2. 


2. 




\'i 


^s. 


.43 M4. 




45 


?. 


?. 


?. 




IS 


r'S. 


.M H4. 




4 3 


l> . 


?, 


2. 



0.018 

u.oie 



f,f, 
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lb 


25. 


.«5 


Ra. 


.43 


2. 


2. 


2. 


17 


2S. 


.45 


H4. 


.45 


2. 


2. 


2. 


IH 


25. 


.a5 


64. 


.45 


2. 


2. 


2. 


19 


<?5. 


.^5 


84. 


.45 


2. 


2. 


2. 


<?0 


25. 


.^5 


84. 


.45 


2. 


2. 


2. 


?l 


?5. 


.a3 


84. 


.43 


2. 


?. 


2. 


P2 


?s. 


.'^S 


84. 


.45 


2. 


2. 


2. 


2i 


?5, 


.a5 


84. 


.45 


2. 


2. 


2. 


?« 


?s. 


.'45 


84. 


.45 


2. 


2. 


2. 


^s 


25. 


.'45 


84. 


.43 


2. 


2, 


2. 


?b 


25. 


.^5 


84, 


.45 


2. 


2. 


2. 


if 


25. 


.«i 


84. 


.43 


2. 


2. 


2. 


?« 


2S. 


.45 


84. 


.43 


2. 


?. 


2, 


29 


25. 


.a5 


84. 


.43 


2. 


2. 


2. 


iO 


25. 


.43 


84. 


.43 


2. 


2. 


2. 


u 


25. 


,45 


84. 


.45 


2. 


2. 


2. 


52 


25. 


.43 


84. 


.4 5 


2. 


2. 


2. 


11 


25. 


.45 


84. 


.45 


2. 


2. 


2. 


^a 


25. 


.43 


84. 


.43 


2. 


2. 


2. 


55 


25. 


.45 


84. 


.43 


2. 


2. 


2. 


36 


25. 


.45 


84. 


.45 


2. 


2. 


2. 


57 


25. 


.43 


84. 


.45 


2. 


2. 


2. 


3H 


25. 


.45 


84. 


.43 


2. 


2. 


2. 


59 


25. 


.43 


84. 


.45 


2. 


2. 


2. 


ao 


25. 


.45 


84, 


.45 


2. 


2. 


2, 


(8A)'4 1 

(9) 

(11) 


25. 
6 

1 
2 


.43 

3 
5 


84. 
H 


.45 

9.0 
Ib.O 


?. 

42 


2. 

12.0 
76.0 


2. 

1 




5 


3 




9.0 




55.0 






a 


1 




17.0 




68.0 






5 


1 




15.0 




54,8 






b 


i 




16.0 




81.0 






7 


i 




14.0 




57.0 






8 


1 




17,0 




61.0 






9 


3 




13-0 




70.0 






10 


i 




11.0 




59,0 






11 


1 




6.0 




34.0 






12 


ii 




18.0 




66.0 






ts 


i. 




19.0 




78,0 






t<l 


■^ 




7.0 




55.0 






IS 






6,0 




26.2 






lt> 






10.0 




SO.O 






■It 






22,0 




145,0 






IB 






11.0 




5M,2 






19 






23.0 




106.0 






20 






10.0 




56,0 






21 






20,0 




57.0 






22 






21.0 




80.0 






25 






23.0 




81 .0 






2a 






8,0 




4 2.0 






25 






5.0 




22.0 






2fe 






5.0 




22.0 






27 






7.0 




24.0 






at^ 






17.0 




5 0.0 






29 






14.0 




4 2.0 






so 






1 1 .0 




57.4 






51 






6.0 




52.0 




(11) 


i2 






10.0 
1 5,0 




20.0 
4 5.0 





lOU 



67 



TABLE 10. (CONT'D) 



(11) 


ia 






li.o 


a7.o 




5S 






16.0 


hi .0 




16 






18.0 


s■i,^ 




i7 






1^.0 


5?.0 




3ft 






1 1 .0 


V6.0 




JO 






7.0 


^a.o 




'4 






IS.O 


bd.O 


(11) 


ai 






19.0 


6?,0 


(12) 1 


I 










(13) 1 


lu 


io 


ao? 







68 



TABLE n. RAINFALL HISTORY AND TEMPERATURE DATA 



■0\ 



MAI^rH SnifJM, WAIN «IIH RMOw 
NUMHfR OF riMf STfPS I'fi 

INrtr,H*iMKf n^t iwiFHVfti fMrfinTfS), S.oo 

?S,0 ►'FHCfNI OF IwPF"vI(MlS AOfl HAS 7t fU ^)F|F^'TI^l^J ufptm 
FOR (J) HAlUFAtl. STEfS. fMF r|Mf INIFKVAI la S.OO wiNUTfS 



0. 


.I'' 


0. 


.1? 


i . 


.nfl 


1 


.?" 


0, 


.<>(^ 


0. 


.7? 


u. 


.?a 


0, 


.3*, 


0. 


.<?'( 


(1 , 


. tis 


n, 


.?n 


n. 


. <i 


f>. 


.1? 





.0 


0, 


.UP 


0, 


,1? 


0, 


.<?') 


n, 


,1? 


«■ 


,0 


0, 


. 1? 


0. 


.» 







































IfMPtUAlii'JF OF iNf*^ BASF = jo.n 

HFMri F ACTnn i - - n.nnsnn 

TF«^PFnATIinF ST FiTH TT"F "^TFP 

IS. (I ^S.!» ^S.d 15.(1 XS.6 ^5.0 15.0 ^S.O iS.li I'i.it 

IS.o TS.ii ^S.li JS.O TS.n l^.fl 15.(1 TS.r) IS.O tS.d 

^b.O ^S.tl I'i.n l-i.U 1S.0 ^b.O ^b.O ^S.fl ^b.O 1S.(( 



T^.n ■ t;.!! ■^s.ir i^.o • %5.(i iT.n is.o Tvra ^s.(i is.o 

is.n ^s.ii ^'j.(i TS.u ^^.0 is.n ^s.o <s.o <b.(t ^'i.n 

IS. It ^s.o is.fl 15.(1 ^s.n is.n i-^.o is.n is.o is.n 

is,n ts.o is.n 15. (» 15. n is.o 15. () IS.i) ?5.o is.o 

15.0 IS.n 15.1, IS.O 15.0 is.fi 15,0 15.0 15,0 15. i» 



15.0 


15.0 


1S.fl 


15.(1 


15.0 


IS.O 


iT.n - 


■ 15.0 


15. n 


1S.0 


is.n 


1S.0 


1S.(( 


15.0 


is.n 


15,0 



'mIiMm" = ■* j I iiiiV I U 'Ijld atflllJHlJ 'JdllJNJU (•! MVlrtHlS» 



In 



'b Jd I H/iiW J I lirj jit ddtiiKim IWllli 



IHl • U I 


WlU'O 


o" 


■ 


1*00 ■ 


'bOOl 


OO'ul 


H I ■ 1) 


u*0 


u'o 


do II* 11 


•sii 


OO'Ol 


w > n * 


0*0 


U'O 


Syii'O 


*ui>s 


DU'OI 


M 1 * II 


0*0 


o'u 


DOU'lJ 


'UiU ( 


1)0*01 


tt t • 


0*0 


0*0 


Huo'n 


' UOtf 


00*01 


« 10 ' 


o'u 


' u 


OdO • II 


'OHl 


00*0 1 


tf 1 * '1 


U " 


o'u 


^\)<}' u 


'owo 


no'ol 


W I • 


0-0 


o'o 


toa'u 


'uou 


ou'ot 


W 1 • 


0*0 


u'o 


tiUO '0 


*00« 


0*01 


ttlO'U 


o'o 


o'o 

u'o 


^ (• ' u 

.? U • II 


'oO^ 


00*0 t 


UtO'O 


0*0 


'bVi 


ou'ol 


H 1 * 


0-0 


o'o 


V ' 11 


•%\H 


oo'oi 


uiu*o 


o'o 


o'o 


J ■ 


■bdv 


00*01 


_ Wik'lL 


0*0 


o'o 


^ul)■o 


'Ul% 


00*01 


tttO'O 


O'O 


0*0 


?0I)*0 


•bin 


00*0 1 


fturg 


0*0 


0*0 


- £yo'y 

ioo*u 


'bib 


00*0 1 


tf 1 • 


'Sbi 


UO'OI 


610*0 


o'o 


o'u 


f UO* II 


'uo>* 


00*01 


M I • 


o'o 


o'o 


ftuO * 


' I i 1 


00*01 


ttlO'O 


o'o 


o'u 


noo*o 


'iOl t 


• t 


aio'o 


o'u 


o'u 


f ' 1) 


•s/i 


00*0 I 


« HI • 


o'o 


o'o 
o*o" 


^ I ' 
fOO'O 


■oil 


oo'ui 


aici'o 


0*0 


•si^i 


ou'u I 


uio'o 


0*0 


o'o 


fl 1)0*0 


'!.*.« 


" 1 


U 1 ' 1) 


o'o 


o'o 


/ * 


•oi 1 1 


00*0 1 


« Ml • 


0*0 


u'o 


UlU'O 


'b^** 


00*0 1 


ttlO'O 


0*0 


U'o 


c* I U * i> 


'O^i* 


OU'OI 


« 1 • 


o'o 


o'u 


■JOU ' 


'oos 


UO'OI 


H 1 • 


0*0 


o'o 


dOO* 


'ui^t 


0*01 


fl I • II 


o'u 


o'u 


n ' U 


'Otti 


11 * 1 


u(n*n 


0*0 


u'o 


SOO'O 


'01*1 


(10*01 


H i • 


o'o 


u'o 


/ U * 


•bSli 
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TABLE 17. HYDROGRAPH LISTED AND TOTAL FLOW COMPUTATIONS 
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t,. TRANSPORT BLOCK 
5. 1 I n troduct ion 

The TRANSPORT Block performs the prTmary routing computations 
for both flow and quality parameters. Additional capabilities for compu- 
tations of dry weather flow, infiltration, and in-line storage effects 
are also included. Within the framework of the Canadian study, no 
changes were made to this block other then de-bugging and fix-up changes. 
The limitations of the TRANSPORT Block were presented in the Volume I, 
Final Report, and it was recommended that the WRE version of the SWMM be 
used when surcharging effects are important. Figure 12 shows the rela- 
tionships between the subroutines of the TRANSPORT Block. 

The preparation of input data for the Canadian version is, 
therefore, identical to that described in the EPA SWMh Version It User's 
Manual. Figure 13 shows the input data set-up and Table 19 shows the 
coding information. Table 20 defines the variables used in the TRANSPORT 
Block . 
p. 2 Example AppI J cat ion 

A continuation of the simulation of the Bannatyne area is 
presented in this section as an example of the application of the TRANS- 
PORT Block. Simulation of the surface runoff, or "inlet" hydrographs was 
discussed in Section ^i. 

In this example, both storm water routing and dry weather flow 
were modelled with the TRANSPORT Block. Infiltration into the sewer 
network was not modelled. Figure U shows the elements of the sewer 
system which were nodelled. The "inlet" manholes shown are the same ones 
for which "inlet" hydrographs were simulated in the RUNOFF Block. 

Table 21 shows the input card data used to operate the TRANS- 
PORT Block. The numbers in parentheses to the left of each line of data 
refer to the card group number used in Table 19 to describe the data 

formats. 

Table 22 shows the numbering system used by the computer to 
sequence the elements and computations. "External" numbers are those 
specified by the user and need not be sequential. "Internal" numbers are 
assigned by the computer and are sequential. The connectivity of the 
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system is given by the list of upstream elements for each sewer element. 
The user may verify this list for correctness. A total of I30 sewer 
elements were simulated in this example of which 6? were noncondults. Of 
the nonconduits, ^ti were inlet manholes for which hydrographs were avail- 
able from the RUNOFF Block. The sewer outfall was located at element 1. 

Table 23 shows the i nput sewer geometry specified by the user. 
The type of each element is listed along with its slope, length, rough- 
ness, diameter, and its computed capacity where appropriate. In this 
example, both circular and rectangular conduit shapes, and also two 
proportional flow dividers are modelled. 

Table 2k shews the computed dry weather flow from each subcatch- 
ment. An average dry weather flow of 5.6 cfs from the entire watershed, 
and associated BOD, SS, and coliform coefficients were specified. The 
program apportions dry weather flows to each pipe segment. 

Table 25 shows Input dry weather flow peaking factors. 

Table 26 shows the initial load of solids deposits computed by 
the program for each conduit. 

Table 27 shows the initial flows and concentrations in each 
conduit prior to simulation. 

Tables 28 and 29 show the inlet hydrographs and pol lutographs 
produced by the RUNOFF Block. Note that the hydrograph for external 
element 1 is the same as that shown on Table I8 in the previous section. 

Table 30 shows the load of solids in each conduit after the 
simulation has been completed. 

Tables 3' and 32 show the computed outflow hydrographs and 
pol 1 utographs in selected pipes. Figure 15 shows the computed outfall 
hydrograph, and Figures 16 to IB indicate the associated BOD, SS and 
coliform po) lutographs. These are the basic output results of the 
TRANSPORT Block. 

External element 1 is the outfall, and the computed peak flow 
was 114 cfs. This outfall hydrograph may be used as input to the STORAGE 
or RECEIVING WATER Blocks. 

Table 33 shows the output of the hydraulic design option within 
the TRANSPORT Block that re-sizes any conduit in which surcharge condi- 
tions are encountered. In this case, conduits 102, 105, I08, B02 and 805 
required re-slzing as indicated by an asterisk beside their description. 



TABLE 19. TRANSPORT BLOCK CARD DATA 



Card 
iroup 



Foriut 



Card 
columns 



Deacrlptlon 



Varlabla 
nana 



Dafaulc 
valua 



1615 5 Number of sewer cross-sectional 

shapes, in addlclon to tlie 12 pro- 
gram-supplied for which element 
routing parameters are to fallow 
(maxinum value •• 3) . 

10 Control parameter for printing 
out flow routing parameters for 
all shapes, i.e. 

KFRINT • to suppress printing, 

KPRINT - 1 to allow printing (for 
all shapes, program- 
supplied and additional) 



HKLASS 



KPRINT 



204A 



1-16 
17-32 



DELETE CARD GROUPS 2 TO 10 IF 
NKLASS - 0. 

Name of user-supplied shapes. 

16-letter name of shape 1. 

16-letter name of shape 2. 



mm 

NAME (I, 14) None 
HAME(I,15) None 



1615 



4-5 

9^m 



Nt^mber of values of DNORM to be 
supplied (maximum value - 51, 
minimum value ' 2) . 

Number of values for shape 1. 

Number of values for shape 2. 



NN(14) 
NN(15) 



None 
None 



NOTE: All non-decimal numbers must be right-justified. 

NOTE: Must always specify output tape or disk, two scratch data sets needed. 



TABLE 19. (CONT'D) 



Card 

group 



Forma t 



1615 



Card 
columns 



4-5 
9-10 



Description 



Humbcr of valuer, of QNORM to 
be rciid (in.ixltnum value ■ 51, 
minimun value -^ 2) . 

Number of values for shape 1. 

Number of values for ah.ipe 2. 



Var i.ible 



m C H ) 
MM(l5) 



Default 
value 



None 
None 



Value of a/a. corresponding to 
the rnaximuin Q/Q value for each 
sliapc . 



8F10.5 1-10 

11-20 



A/A, value for siiape 1 . 
A/A value for shape 2. 



ALFTWXCl^) 
ALFHAX(15) 



None 
None 



Maximum Q/Q value for each shape. 
8F10.5 1-10 MaximiuTi Q/g value for shape 1. 



11-20 



MaxiraLjin Q/Op value for shapa 2. 



psirux 

PSLMAX(14) None 

PSIHAX(15) None 



Factor used to determine full flow 



area for each shape, i.e. 

2 
AFULL = AFACTCGtOMl) . 



for usn in 



A FACT 



V/A ' AIJORM is the cror^s-sectional flow area divided by the cross-sectional flow area 
^ of the pipe riinninf; full. Tabular values of ANORM are Rcncrated In the program 
by dividini; tlie ANORM axis (0.0 - 1.0) into t^N-l or MM-1 equal divisions. 
''q/Q ■= QNOR.M 1.-; the flow rate divided by the flow rate of the conduit flowing full. 
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TABLE 19. (CONT'D) 



Card Card 

group Format CoLumns 



Description 



Variable 
name 


Default 
value 


AFACT(l4) 
AFACT(15) 


None 
None 



8F10.5 1-10 Factor for shape 1. 

11-20 Factor Cor shape 2. 



8F10.5 1-10 
11-20 



Factor used to deternlne full flow RFACT 
hydraulic radius for each shape, 
i.e., for use in equation 

RADH - RFACT (GEOMl). 

Factor for shape 1. RFACT (14) 

Factor for shape 2. RFACT (15) 



None 
None 



8F10.5 1-10 
11-20 



REPEAT CARD GROUP 9 FOR EACH 
ADDED SHAPE. 

Input of tabular data (depth of 
flow, y, divided by total depth 
of conduit, y, (y/y*)) for each 

added shape corresponding Co the 
NN-1 equal divisions of A/A, of 

the conduit as given by NM on 
card group 3.* 



First value for y/y^ for shape 
Second value for y/y, for shape 



1. 



DNORM 



DNORHd.l) None 
DN0WI(I,2) None 



Last value of y/y, for shape 1. 

(Total of NN(U)/8 + NN(l5)/8 
data cards) 



DNORM (I, NN (I)) None 



y/y, " DNORM is the deptfi of flow, y, divided by the maximum flow depth, y, 
(.e.g., diameter of a circular conduit). 
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TABLE 19. (CONT'D) 



Card 

group 



Format 



Card 

colunns 



Description 



10 



8FIO.5 - 1-10 

n-20 



REPEAT CARD GROUP 10 FOR EACH 
ADDED SHAPE. 

Input of tabular data (flow rate, 
q, divided by the flow rate of the 



conduit running full, Q 



(Q/Qf)). 



for each added shape corresponding 
to the tH-l equal divialons of A/A 

of the conduit as given by MM on 
card group 4 . 

Flrot value of Q/Q for shape 1. 

Second value of Q/Q for shape 1. 



Varlabla 

nane 



QNORM 



Default 
value 



QNORM (1,1) None 
QNORM (I, 2) None 



II 20A4 



Last value for Q/Q for shape 1, 

(Total of HM(14j/a + MM(15)/8 
data car da) 



Title card containing a one-line 
heading to be printed above output, 



QNORJId.MMd)) None 



TITLE 



Blanks 



12 Execution control data. 

1615 3-5 Total number of sewer elements NE None 

(maximum ■ 160) . 

8-10 Total number of time-steps NDT None 

(maximum - 150) .* 

14-15 Total number of non-conduit elements NINPUT None 
into which there will be input hydro- 
graphs and pollutographs (maximum ■ 
70, minimum = 1) ." 



Not required if input is from tape or disk. 
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TABLE 19. (CONT'D) 



Card 
group 



Format 



C«rd 
columns 



Description 



VarUbla 

name 



Dafault 
valua 



19-20 Total number of non-conduit elements at NNYN 
which Input hydrographs and polluto- 
graphs are to be printed out (maximum • 
20, nlnimuiD - 1) . 



None 



24-25 Total number of non-conduit elements NNPE 
at which routed hydrographs and 
pollutographs are to be printed out 
(maxlmun) ' 20, minimum - 1). 

30 Total number of non-conduit elements NOUTS 
at which flow is to be transferred 
to a subsequent block by tape or disk 
(maxlmun • S, minimum ■ 1). 

35 Control parameter for program-generated NPRINT 
error messages occurring in the exe- 
cution of the flow routing scheme. 
These errors do not normally affect the 
program execution. 

NPRINT • to suppress messages 
(recommended) , 

NPRINT - 1 to print messages from 
ROUTE, 

NPRINT - 2 to print messages from 
ROUTE and TRANS. 



Nona 



Nona 



40 Total number of pollutants Jielng routed NPOLL 
(maximum - 4 , minimum " 0) . When 
NPOLL ■= 0, program will route flows only 
and all quality operations will be by- 
passed. 

45 Total number of iterations to be used NITER 
in routing subroutine (4 recommended) . 



*These are the only points that can be plotted by subroutine GRAPH after being 
routed by TRANSPORT. 

''The three pollutants ordinarily routed are BOD, SS and coliforms. A fourth 
conservative pollutant mny be routed if provided for on input tapes, but Internal 
storage shou.ld not be used in this case. Not raquired if Input Is fro« Cape 
or disk. 
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TABLE 19. (CONT'D) 



Card 
group 



Foi 



Card 
colinns 



Dtscrlptlon 



13 Execution control d^c.i. 

8F10.5 1-10 Size of time-step fur computation, 

sec. 



Variable 
nan« 



DT 



Default 

value 



None 



14 



11-20 



21-30 



Allowable error for convergence of 
Iterative methods in routing rout in.; 
{0.0001 recoiTimended) . 



EPSIL 



Total number of days (dry wcntlu-r div) DWAYS 
prior to simulation during whicli so!i*is 
were not fluslied from the sewers. 



Execution cocitrol dat;i. 



0.0001 



1615 



10 



IS 



Control paraK-.eter specifying mcins NCNTRL 
to be used in transferring inlet, liydro- 
graphs, i.e., 

KCNTRL "0, normal transfer by tape or 
disk, 

NCNTRL - 1, Input from cards, utilizing 
card groups 26, 46 and 47. 

Control p,Tramcter in estimating eroimd- NINFIL 
water infiltration inflows, i.e., 

NINFIL " 0, Infiltration not estimated 
(INFIL not called and corres- 
ponding data omittedj, 

NINFIL ■= 1, infiltration to be esti- 
mated (subroutine INFlL 
called) . 



Control p.nrameter in e<itim<T ting sani- 
tary sewage inElcv, i.e., 

NFILTH - 0, sewage inflows not esti- 
mated (FILTH not called and 
corresponding data onltted) , 



NFILTII 



should agree with time-step used in RUNOFF for input 
from tape or disc 
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TABLE 19. (CONT'D) 



C«rd 
group 



Forma c 



Card 
columns 



Description 



Variable 
name 



Default 
value 



m. 



m 



m 



NFILTH ■ 1, sewage Inflows to be 
estimated (subroutine 
FILTH called). 

Control parameter concerning printed JPRINT 
output, i.e., 

JPRINT - 0, flows and concentration 
not printed, 

JPRINT " 1, flows and concentrations 
printed out In tabular form. 

Control parameter concerning plotting JPLOT 
of output, 

JPLOT - 0, plotting routine noir called 
from within TRANSPORT. 

JPLOT - 1, plotting routine is called 
from within TRANSPORT.* 

Control parameter for hydraulic design NDESN 
routine, i.e., 

NDESN - 0, hydraulic design routine is 
not called, 

NDESN • 1, hydraulic design routine is 
to be called. 



u 



si« 



1-4 



REPEAT CARD GROUP 15 FOR EACtI 
NUMBERED SEWER ELEMENT (maximum 
number of cards • 160) , THESE 
CARDS MAY BE READ IN ANY ORDER. 

Sewer element data. 

External element number. No 
element may be labeled with a 
number greater than 1000, and 
it must he a positive numeral. 



NOE 



None 



Not operntlonal. 



"External" niuobers are those ossiRncd by tlie user to the v.irlous sower system 
components. "Internal" numbers .ire assigned wltliln tlie program. All Input to 
thp 1r.Tn>;pnrt- Mortpl f •; In frrm«! nf extPrnnl nmnbers. 
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TABLE 19. (CONT'D) 



Card 
group 



Format 



Card 
columns 



Description 



Variable 
n^nie 



However, numbering need not be 
consecutive or continuous. 

KXXERNAL n'MBER(S) OF UPSTRFAM 
****** ELEMFNT(S) . UP TO THREE ARE ****** 
ALLOWED, A ZERO DENOTES NO UP- 
STREAM ELEMENT (maximum value - 
1000) . 

5-8 First of three possible upstream 
elements. 

9-12 Second of three possible upstream 
elements. 

13-16 Third of three possible elements. 

17-20 Classification of element type. 
Obtain value from Table 6-1. 



NUE(l) 

NUE(2) 

NUE(3) 
NTYPE 



THE FOLLOWING VARIABLES ARC DEFINED 
****** BELOW FOR CONDUITS ONLY. REFER TO *^*^*^ 
TABLE 6-1 FOR REQUIRED INPUT FOR 
NON-CONDUITS. - 

7F8.3 21-28 Element length for conduit, ft. DIST 

29-36 First characteristic dimension of GEOMl 
conduit, ft. See Figure 6-i^ and 
Table 6-2 for definition." 

37-44 Invert slope of conduit, ft/100 ft. 

45-52 Manning's roughness of conduit. 

53-60 Second characteristic dimension of 
conduit, ft. Seo Figure 6-4 and 
Table 6-2 for definition.* (Not 
required for some conduit shapes.) 

61-68 Number of barrels* for this element. BARREL 
The barrels are assumed to be Identi- 
cal in shape and flow characteristics. 
(Must be integer ^ 1.) 



Default 

value 



None 

None 

None 
16 



None 

None 



SLOPE 


0.1 


ROUGH 


0.0: 


GE0M2 


None 



1.0 



Example: A two barrelled conduit would consist of two identical pncnllel 
conduits adjacent to each other. 

^Refer to U.S. EPA Version II User's Manual. 
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TABLE 19. (CONT'D) 



Card 
group 



Format 



Card 
columns 



Description 



Variable Default 
■mme value 



69-76 Third characteristic dimension 
of conduit, ft. See Figure 6-4 
and Table 6-2 for definition." 
(Not required for some conduit 
shapes.) 



CE0M3 



None 



ISTMOD 



ISTTYP 



CARDS 16 THROUGH 26 ARE DATA INPUT 
FOR INTERNAL STORAGE. (NTYPE = 19) 
OMIT THESE DATA CARDS IF INTERNAL 
IS NOT DESIRED. 

REPEAT STORAGE MODEL DATA FOR EACH 
STORAGE ELEMENT (maximum - 2). 

1$' Storage unit data card. 

1015 1-5 Storage mode parameter. 

" 1 in-line storage. 

61-10 Storage type parameter. 

" 1 irregular (natural) reservoir, 

•■ 3 geometric (regular) uncovered 
reservoir . 

11-15 Storage outlet control parameter . 

» 1 gravity with orifice center 
line at zero storage tank depth, 

- 2 gravity with fixed weir, 

= 6 existing fixed-rate pumps, 

- 9 gravity with both weir and 
orifice.. 



ISTOUT 



*Must be set equal to one since other storage mode parameters are not programmed. 
'^Refer to U.S. EPA Version II User's Manual. 
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TABLE 19. (CONT'D) 



Card Card 

group Format columns 



Description 



Variable 

name 



Default 
value 



17 Computation/print control card. 

3110 1-10 Pollutant parameter. IPOL . 

- no pollutants (hydraulics only), 
" 1 perfect plug flow through basin, 
' 2 perfect mixing in basin. 

11-20 Print control parameter. IPRIMT 

■ no print each time-step, 

- 1 print each tlnie-atep in storage. 

21-30 Cost computation parameter. ICOST q 

" no cost computations, 

- 1 costs to be computed. 

18 Reservoir flood depth data card. 

Fid. 2 1-10 Maximum (flooding) reservoir depth, ft. DEPMAX None 



19 



FIG. 2 

FIO.O 



1-10 
11-20 



INCLUDE EITHER CARD GROUP 19 OR 20, 
NOT BOTH. 

INCLUDE CARD GROUP 19 ONLY IF ISTTYP 
ON CARD 16 HAS THE VALUE 1. 

Reservoir depth-area data card. 

A reservoir water depth, ft. 

Reservoir surface area corres- 
ponding to above depth, ft^. 



ADEPTH(l) 
AASURF(2) 



None 
None 



F10.2 61-70 A reservoir water depth, ft. 



ADEPT11(4) 



None 
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TAtiLE 19. (CONT'D) 



Card 
group 



Format 



Card 
column!) 



DescrlpL I ot\ 



Varlftble 
name 



Default 
value 



FIO.O 71-80 Reservoir surface dra-^ corres- 
ponding to abovd depth, ft*. 

fNtTL. The above pair of 
variables Is repeated 11 times, 
4 pairs per card . ) 



INCLUDE CARD 20 ONLY IF ISTTYP 
ON CARD 16 liAS THE VALUE 3. 

Reservoir dimensions data card. 
Reservoir has shape of inverted 
truncated cone. 

2 

Reservoir base area, ft . 

Reservoii base circumference, ft. 

Cotan of sideslope (horizontal/ 
vertical) . 



AASURr(4) 



Nona 



2F10.0 1-10 

11-20 
F10.5 21-30 



m 



INCLUDE ONLY ONE OF THE OUTLET DATA 
CARDS 21, 22, 23 or 2^. 

INCLMLiK CARD 21 ONLY IF ISTOUT ON 
CAP" Vo HAS THE VALUE 1. 

Orifice outlet data card. 

FID. 3 1-10 Orifice outlet area x discharge 
coefficient, ft^. 



II 



2F10.3 1-10 
11-20 



INCLUDi; CARD 22 ONLY IF ISroUT ON 
CARD 16 HAS THE VALUE 2. 

Weir outlet data card. 

Well h-ight (ft) above depth = 0, 

Weir length, ft. 



BASE A 
BASEC 

COTSLO 



itOtMl 



Nooa 



CDAOUT 



None 



WEIRHT 
WEIRL 



None 
None 
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TABLE 19. (CONT'D) 



Tmt 






bMccirtUa 



H 



•rio.s 



1-10 
11-10 
21-JO 

31-40 



IROUBI OLKD 24 ONLT ir ISTOUT HilS 
TUB VAUn 9, 

Uatr and ortflcs ouclac data card. 

Hair halgbe abova dapth -.0, ft. 

Walr laasth, ft. 

Or If lea outlat araa s dl«ehar|a 
coafflclaat, ft'. 

Orlflca cantarlina alavatlon abova 
taro dapth, ft. 



farlabU 



ialMlc 

*«1m 



UCLUDE CMD 23 OMLY IF ISTDUT ON 
CAID 16 HAS 1HE VALUE 6. 

23 Fuap outlat data card. 

3rl0.) 1-10 Outflov puaplns rata, cfa. 

11-ZO Dapth (ft) at ptap a tar tup. 

U-30 Dapth (ft) at pwp ahutd«im 
(MTOP > 0.0).* 



QPOW lona 

IMITiUtT NoM 

DCTOF Hooa 



WBiurr 

WEIIL 

CDAoirr 

OEIFHT 



KOM 



HOIM 



23 



2rio.2 



Initial conditlona data card- 
1-10 ttoraga (ft ) at ttoa caco. 



11-20 Outflow tata (cfe) at tlaa taro. 



26 



CARD 26 MUST BE INCLUDtiD: IT KAY 
BE BLAHK IF ICOST ON CAKD 17 HAS 
THE VALUE 0. 

Coat data card. 



rrou) 
qouio 



OSTOF Buit cquAl or bt grenccr titan the level In icnrage tliat contain* aiwugli voliau 
t« handla tlia piaplnt rata, QPIMP, for ona tlM-atap. 
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TABLE 19. (CONT'D) 



Cmr4 Card 

■rouy Foraat celwMit 



Ovscrlpclon 



Variabia 



••fa«U 

▼aliw 



no. 2 1-10 S/yard for storage excavation. CPCUYD None 

2F10.0 11-20 $/acre for scqrage land. CFACRE None 

21-30 $/punip station with related structures. CPS None 



1615 



1-5 
6-10 



List of external non-conduit elemont JN 
numbers at which outflows arc to he 
transferred to subsequent blocks Cor 
a total of NOUIS (card 12} non-conduit 
eloments. 

Flrat alencnt niuber.* JN(1> 

Second alcgunt number. JN(2) 



Nona 
Mona 



Laat alanent auAer. 



JN (MOOTS) 



Nona 



m 



16IS 



1-5 
6-10 



i; NCNTRL - ON CARD 14, SKIP TO 
CARD GROUP 29. 

Non-conduit element nuabers Into 
which hydrographs and pollutographs 
(fron card input) enter the sewer 
■yaten. These must be in the order 
In which hydrograph and pollutograph 
ordinate* appear at each tine step . 

First elcnent number. 

Second element number. 



MORDERd) 
N0RDER(2) 



Nona 
Nona 



Last element nu.'.ber. 



NOItDER(NINFOT) 



Nona 



*Kl«aant nuabara cranslerrad to aubaaquant blocka muat b« nuabarad laaa than or aqual 
to 100. 
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TACLt 19. (CONT'D) 



Cur4 Card 



f«rlabl« Default 



trowr Fonut coluMU Oucrlptlcn b^ valu« 



List of rxiern.ll i :nc...i iuii rliiujnt li r K 

niitr.bers at w!iL:t1 Inp.'t hydrographs 
and pol iij trgiHptiE arr ■" '< '>'-<iroJ 
end rr_'ii- ! ci' lui a coLil >>[ '.NV!-; 
(C4rii 12) non-coniiuit pleinenf;. 

1615 1-5 First input location number. KYN(l) None 

6-10 Second inpijt Ijcatior. number. tfYN(2) None 



Last input local inn niimlier. NYN(NtJYN) None 



List of extcr;;.Tl iion-cor.l',] j I cli'r"* SPE 

numbCE at i.-h c li output hvdroRi .if t-?; 
and pnl Ititopia,'!!^. are to be stci':J .uij 
printed out ir.r a total ^i NNPl' fra' . 
12) non-i-on.l'i i ' flt-ments. 

1615 1-5 K-rst outpi.!'. lur.jtion nji.i^i- NPL(i) None 

6-10 . t-ond out^jut lOi.il-.Dri ;i;.i t-T, Nl'l.(2) None 



-# Ldtit Output li.-., Lion numbL'i . Nt'E (iJtIPE) None 



IF sucroutuil 'Nfi ["^ T" v: (,-1 ■) 
(NlNKIl. - 1), :,.. LHT C..U-I>:^ 31 JiiKi/Lil 
.'"i OTHEKWISK ^".ir. 

31 Lstimated i nf i 1 ; ; ,1 ' ion. 

10F8.1 1-P Bt ;■ V wi-.i;!i.'i i ;V ; ' t i 1 l : im , t;.il/n!i[i. DlNi'IL 0.0 

9 1 (j iiuuiic^-al ■. 1 : .1 1 I ; 1 I ii ijn , ,;il/iniri. .ilMtl. 0.0 

17-2^ K.iinw,Ttpf infiltration, gaVf^in. RINFIL 0.0 
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TABLE 19. (CONT'D) 



Card Card Variiblc DeEnuU 

group Korniat columnp Descrirfion n.imc v.iiue 



32 Control parameters. 

15 3-5 U.Tv <ji year of estimate," NIIYUU None 

6F8.1 G-13 Pf.ik rcsiJiial moisture, fiai/nikii. R5HAX 0.0 

lA-21 Avcr.Jge distance between joints, (t. ULtN 6.0 



33 Montliiy degree-days. U^O 

1615 1-5 July degree-days. Nl)U(l) None 

6-10 August dcgree-cJays . NDU(2) None 

■i ., * 

56-60 Juno ileKruc-days. NDI)(12) None 



l|- SUBKOU'lINL FTi/lll IS Til ni". c:.\M,l.li 
(lUrU.TM =1), IKSIKT CAIO) Cl^OUfS 34 
THROUGH 45, OTHERWISE OMIT. 



34 F.icini>, to correct yoorlv .ivo c.u'.f 

scvat;e flows to dally avcrniH' l)y 
,it;coiJii Liii!; for daifly variations tliruu,;li- 
out a typical week. 

7F10.0 1-10 Fit).,? currccLioa for Sund.iy. UVLJWF(l) 1.0 

11-20 Fli'w correction for Moniiay. 1)V0V.T(2) 1.0 



61-70 FlfM,r correction for Sal ur^lay . ' t)VI)WF{7) 1.0 



Day one is July 1 5 ■ 



'^See Table A-1 in U.S. EPA Version II User's Manual 
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TABLE 19. (CONT'D) 



Cmii Card 

(roup Fora«e coliain* 



Oaacrlpdon 



Vaf labia Default 
nanw value 



IF NPOLL « SKIP TO CARD CROUP 37 

Factors to correct BOD yearly averagei 
to dally averages . 

7F10.0 1-10 BOD correction for Sunday. 



DVBOD(l) 1.0 



61-70 BOO correction for Saturday. 



DVB0D(7) 1.0 



it 



7no.o 1-10 



Factors for correction of yearly SS 
averages to dally averages. 

SS correction for Sunday. 



Dvasti) 



1.0 



61-70 SS correction for Saturday. 



DVSS(7) 



1.0 



3r:? Factors to correct daily avernge 

sewage flow to hourly averages by 
accounting for hourJy v^iriations 
throughout a typical day (3 cards needed) . 

BFlO.O 1-10 Midnight to 1 a.m. factor (first card). IIVDWF(I) 1.0 



1-10 8 a.m. to 9 a.m. factor (second card). HVDWF(9) 1,0 



1-10 4 p.m. to 5 p.m. factor (third cord). HVDWF(17) 1.0 



TABLE 19. (CONT'D) 



C«rd Card V«rl«bl« Ocfaulc 

(roup Por«at colunns D«*crlptlon turn* vslu« 



IF NPOLL - SKIP 10 CARD GROUP 41 

38 Factors for BOD hourly corrections 

(3 cards needed). 

SFiO.O 1-10 Midnight to 1 a.m. factor (first card). IIVBOD(I) 1.0 



71-80 11 a.m. to midnight factor (third card). HVDOD(24) 1.0 

39 Factorn for SS hourly corrections 

(3 cards needed) . 

8F10.0 1-10 Hidnight to 1 a.m. factor (first card). liyss(l) 1.0 



71-80 11 a.m. to midnight factor (third card). HVSS(24) 1.0 

IHCI.UUE ONLY WHEN 3 POLLUTANTS ARi; 
SPECiriEU. 

♦0 F.ictors for E. coli hourly corrections 

(3 cards needed). 

8F10.0 1-10 Hldnight to 1 a.m. factor (first cijrtl). llVCOLt(l) 1.0 



71-80 11 a.m. to midnight factor (third card). IIVC0L1(2^) 1.0 



^^ Study area data. 

6^5 1-5 Total number of subaroas within n given KTNUH None 
study area in which sewage flow and 
quality are to estimated. 

frrlO Indicator as to whether study area dain, KASE % 
aucU as treatment plant records, are to 
bt uaad to estimate sewage quality, i.a.. 
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TABLE 19. (CONT'D) 



Card Card vanohlc Default 

group Format columns rcnri Ip t ii it na**e value 



KAS£ - 1, yes. 

KASF - 2. no. 

11-15 rnt.i i.^iber of , ro.-;oss fJ.-.j-. vitliiii NPi' 

t'lC =;Ludy aron for wliic'i ''.it..i nrc 
iiicliiJt'ci in o.v of Mil' f u 1 J ovii^r. ■ Td 
groiipt, . 

16-20 fiii-.bor indi-atJhi, -he day ff t'-. ..•-■:< tUjAY 

during wliich siniLiiacion bctiiis (.■ ii iMv 
' 1 ). 

21-25 t/iimbei IndiCiiLinR tlie hour of tlif diy KHOUR 

ciiirltig which ,, ir.u 1 n L i on tii^j_,i!i-; C- .i.n. 
- 1 ) . 

Z6-J0 Hii-il,.;- Lr'd i cal I i>; Llit" -ninuL.' nf :. hi? hour K>ILNS 
djrjnf; uliiLh s irr.iii.Tl ioa begiiiSi 

2i"5,l 31-35 r usumer Price lnd..'x. 

36-40 ( 1' •i,>);> i te (.ons true *. ion Cost liuli'it. 

FlfJ.3 41-50 'l.ii.il ['L;|uil,i(.ion j n ail nre.is, 
ho. "-and s . 



CPI 


109.5 


CCCI 


103.0 


I'OCUI.A 


None 



IF iiASi. •-• 1, [HCLUDE CARD GROliTS 42, 43 and 44. 

fii' Averjye st'jdy •■^rta data. 

3Fl(1.0 1-10 1i)t-il stuJv .irp.i Lver.nEP sew ij'.r> flow. AUU'F 0.0 

f . •■" . . from treatment plaiiL iecord;., 
f,. 

11-20 lotji study ,ire.! avorafi.' BOD, nij;/! . 

21-30 'totT sLv-d> .iie.i avc-jsc' 3^ i mg/l . 

tlO.2 31-40 lot.ii col . orms, Mm/lOOini. 



AliOU 


0.0 


ASUSO 


0.0 


ACDCI 


0.0 



*I£ ADW - 0.0, then total BOD, 3S, and COLI will - 0.0. Predicted DWT out downstreaiB 
•■d of (yttea will be adjusttd to this value. 
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TABLE )9o (CONT'D) 



Card 



Card 
Eormat colunns 



m 



Description 



Variable 

rtMitt 



t| 



6VI0.3 



IF PROCESS FLOW DATA ARE AVAILABLE (NPF 
NOT EQUAL AND KASE - L) , REPICAT CARU 
GROUP 44 FOH EACH PROCESS FLOW. OTlltRWlSIi, 
SKIP TO CARD GROUP 43. 

Proceat flow charactciistics. 



1-5 



External manhole number Into which flow 
la aiaumed to enter (maximum value ■ 
1000, minimum value • 1). 



IKPUT 



6-15 Average dally process Clow entering the QPK 
study area system, cfs. 

16--25 Average dally BOO of process flow, mg/l. BODPF 

26-35 Average dally SS of process flow, mg/1 . SUSPF 



Default 
valua 



Categorized study area data. 

8F6.0 1-8 Total study area from which ABOD and TOTA None 
ASUSO were taken, acres. 

9-16 Total contributing industrial area, TINA None 
acres . 

17-24 Total contributing conmerclal area , TCA None 
actcB. 

25-32 Total contributing high Income (above TRHA None 
$15,000) residential area, acres. 

33-40 Total contributing average Income TRAA None 
(above $7,000 but below $15,000) 
residential area, acres. 

41-48 Total contributing low Income (below TRLA None 
$4,000) residential area, acres. 

49-56 Total area from the above three leei- TKCCA None 
dentlal areas that contribute additional 
waste from garbage grinders, acres. 

57-64 Total park and open area within the TPOA None 
study area, acres. 



None 
Hone 

0^0 
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TABLE 19. (CONT'D) 



Card 
group 



Foraat 



Card 

colunna 



Ueacrlpclon 



Varinbla 
na«e 



Default 
valua 



REPEAT CARD CROUP 45 FOU EACH OF THE 
KTNUH SUBAREAS. THESE SUEAREAS DO NOT 
NECESSARILY HAVE TO CORRESPOND TO RUNOFF 

SUBCA1C11>1ENTS . 

4S Subarea data. 

213 1-3 Subar«« niunber. KNUH 

4-6 Extetnal. number of the mdtihole Into INPUT 

which flow !• asiumcd to enter fot 
•ubarea KMUM (maximum value • 1000, 
mlnlmuffl value • 1) . 

3Ii 7 Predominant land use within subarea, KLAND 

i.e., 

KLAND - 1, Single-fainlly resldcntlnl , 

KiAND - 2, Multi-family resident Inl. 

KLAKO - 3, Comwcrclal, 

laAND - ^, InduB trial, 

KLAND - 5, Undcvaloped or park lands. 

8 Parameter Indicating whetlier or not METHOD 

water usage within subarea KNUM Is 
metered . 

MF.TItOU > 1, metered water use, 

METHOD - 2, Incomplete or no mete ring. 

9 Torametcr indicating units in whLcli KUNIT 

water usage estimates C^ATEH) are 
tabulated. 

KUNIT - 0, thouSi.(ld gal /mo, 

KUNIT - 1, thousand tt^/no. 



Ren* 
Nona 
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TABLE 19. (CONT'D) 



Card 
group 



Format 



Card 



UctcripClon 



Vari.ibU 
nam* 



13F5.1 10-14 Measured wlnlsr water use for subarea 
KNUH in tlic uiite spccirieU by KUNIT 
(not required). 

15-19 C06L of tlie last thousand gal. of water 
per billing period for an average con- 
sumer within subarea KNUM, cents/3.000 
gal. (not required). 

20-24 Measured average sewage flow from ilie 

entire subarea KKTJM, cfs (not required). 

25-29 Total area within subarea KNUM, acres 
(maxlDiuin •• 200) . 

30-34 ^Population density within subarea KNUM, 
population/ acres. 

35-39 *Tntal number of dwelling units within 
subarea KIJUM. 

40-44 ^Number of people living in ,iver.ir;o 
dwelling unit within subarea KNUM. 

45-49 ^Market value of average dwelling unit 
within subarea KNUM, thousands of 
dollars . 

50-54 "Prtcentage of dwellinR units pos-^esslng 
gnrbage grinders within subarea KNUM. 

55-59 Totnl industrial process flow origi nntii;g 
within subarea KNUM, cfs.*^ 

60-64 noil contributed from industrial pr-tccsH 
flow originating within subarea KMIJM , 
rag/l. 

65-69 SS contributed from industrial prncoss 
ficw orlglnatinr. witliin subarea KNUil , 
mg/1. 

70-74 Incopie of average family living witliin 
subarea KNUIl. 



WATER 



PRICE 

SEWAGE 

ASUB 

POl'DEN 

DV/LINGS 

FAMILY 

VALUli 

PCGG 

SAQPF 
SABI'F 

SASPF 



DafnuU 
vclu* 



Nona 
None 

K 

None 

None 

None 
IQ.O/ac. 

3.0 
20.0 

None 

0.0 
0.0 

0.0 



XINCOM VALUE/ 2. 5 



•wot required If KLAHD greater than 2, 

**1£ SAQPF - 0.0, then DWBOD and DWSS will be zero for land use 4 (I.e.. for 
Industrial flow to be cooeldcred KLAND Buet equal 4). 
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TABLE ]9. (CONT'D) 



Card 
group 



Format 



Card 
coltimns 



Descrlptlott 



Variable 
name 



Default 
value 



12 75-76 MSUBT - 0, aubtotals not made, 
MSUBT - 1, subtotal made. 
mo OF FILTH DATA CARDS. 



MSUBT 



46 



710.0 



1-10 



IF NCNTKL - ON CAKD 14, SKIP 
CARDS 46 and 47. 

Time for start of storm. 

Time of day of start of storm, 
sec. 



TZERO 



47 



4F10,0 1-10 
11-20 
21-30 
31-40 
41-80 



REPEAT CARD 47 FOR EACH INLET FOR 
FIRST TIME STEP AND THEN REPEAT 
CARD 47 FOR EACH INLET FOR SECOND 
TIME STEP, ETC. REPEAT THIS COM- 
BINATION UNTIL ALL TIME STEPS HAVE 
BEEN READ." 

Hydrograph and pollutograph Input 
cards . 

Input flow for this time step at 
first inlet, cfs. 

Input BOD for this time step at 
first Inlet, Ibs/mln. 

Input S5 for this time step at 
first Inlet, Ibs/mln. 

Input coliform for this time step 
St first inlet, MFN/min. 

Not used. 



RNOFF(l) 
PLUT0(1,1) 
PLUT0(1,2) 
PLUTO (1,3) 



0.0 



0.0 



0.0 



0.0 



FOR GRAPHING TRANSPORT OUTPUT, CALL 
GRAPH SUBROUTINE THROUGH THE EXECUTIVE 
BLOCK. 

END OF TRANSPORT BLOCK DATA CARDS. 



'Note; Order of inleCti must be the same as indicated in card group 28. 



TABLE 20. TRANSPORT BLOCK VARIABLES' 






Iptlon 



Onlti 



Virlabl* 

Nune 



OaacTtptten 



O 



* 
JUU 

MS unr 

MOO 

AOTPTH 

MMP 

AT 

AfACT 

WULX 

AINFIL 

ALT 

ALFMKX 

A1J>KA 
AHOMt 



T)oes not 
updating 

C* • VArlabla iimmb ihartd In ci 



Croaa^Bactloncl >»•■ of tlam 
Cro**-s*ctlon<l ar«*i at flow 

rtoH depth conputatlonal vArlAbl* 

iarttcm ■rfik (data army )n*fnb«r1 

Arna coi^jutationa 1 variable 

Avarafra ii'jT concentra..lcrL ■ iiiurad In ••war or 
at trtm^MKii- fact ILL) 

Tatal coii forma 

Depth <dat4 arra/ ik^r^f i ; 

Avaraqa Beasurad 'Mf 

Croaa-accnonat : r<»* of ^rar.i.Uf 

Factor to calculate A?'* i : 

Full flow area for rcnijUa 

Tucat infiltration vlthln oramaisF taasln 

Valua of A/Aj t:rrB-ponding to Q/'j, «*:>)» 

valua at AyAj corrcapondjriq to aajilmuai ^ J^ vmu* 

CclHputat::l-^aI varkairla aa^ocl stad «lt>: 
conduit am 

Norma 11 zad araa 1l<yv, Pi/ A. 

Horaaiiied dapchk, D/D , corraapondlng to A/A 

Routing paraaatar (data array ac^Mr) 

Land araa raquiranant 

Avara9« coafiutad Infiltration 

include variables added during 



•q ft 


AHEAT 


m to 


am;. 




•mm 


•s* 


mws 



p^/s. 



Flow arfffl of given flow r«tdi in conduit aq Ct 

Cotangent of angL* which la forved fro* radlui 

and wfftt«d »urf*ca 

Total araa within subarea KNUH acxca 

kveraqe SS concentration aieaSured ir newer or p w; 

at trcatnent f acii i ty 

Variable used to calculate ar-a cL * conclilt, 
area flow/area lali 

Normalized deptti of condutt upetT' ■ . * *j tt 

Ayriaqt nunbcr of coiilorr fai^cterla MPN/d»y/'-fa 

i*LverBq4 weighted £S lt,day/':fe 

Norwb? W 7pd depth ^'f rond'jJt d'.>*m', ■ i '/aTi, ^•''', #4 



Total friatfwr of b^rTeJt In *ach tvnmait 

Base arpc igeottetric basl.> >q ft 

■^ase c J ■ -u. : eT - ■ - *n»t ■ ^ii" in * ft 

'"ptn ft.Ta" ^ "1. . • ft 

Supercritical 'low :ridiwatc.r 

Coe^utrd BC-ij concentration ^/L 

BOD outflo<tf concentration ■9/J* 

BOD input to atorege alnaent Ib/OT 

BOD output froa ttorAqe eleiKrit Ib/DT 

Averaqe BCD of a process fIcM ag/L 

HaxiiMJB storage capacity of ator«9« els^snt cf 



KT'/iO;.. al 


Al 




ft 


^JBOf, 




■:tm 


A! col: 




mi:^ 






M.«t 






'^v- 


BAWttL 
AA£IA 

»A£;€r 


c 




BcepTi' 


c 




SLMdC 


c 




SOOf-W 






■ODCOT 






:W»t:H 


c 


id* it: 


■OOOOT 


c 


pm. 


socwr 








c 



m blocks. 
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o 






CIUTI> 
STOtt 

CUMIN 

ci 



C* 



CMW 


c 


C*TM» 




OCTl 




CWWfT 




CT 




CM 




CUUrti 


c 


-OSTTLO 




1T»1HE 


c 


O*'" *'' 


c 



DascriptLon 



PIoM 4*ptn c(iM(Kiui;on vtrlabl* 

roaiioairt . anttt'i'- '.ur, cu»i lr.J»» 

. .t:.vtinr fic'.Ji ■ *^ •? it »«'*')'-- •.'■•■■lih 

D««n lidr-nl'jp-" j?'^- I. jeii'. 

Unit ^c-it r..f ! 1^ 1 

I'olf ro^t ■ f ••' jv«Ti 
r.ons'jwar ITlci' Itirt-u 

:;il-ic>'. s»ttl.-} ■■.',»■■•'•' ?! .laT"-!- •■ " 
totn^ .Icficaii 1 ." l^ ronrtulta 

C-sst of r».-«»af. - ■ "r alcrso'! 

CU4jiaLiva viLtei cjlfi^rirf 
FJcH routing varlabl* 



Variable 

Nana 



CI BOD 

ciar 

CllMt 
r.li 
C7 
C2BOC 

I) 



- 


c.'jri^m 




"D«r 


# 


OCMJ 


^ 


wtn' « 


et 


DEPTH 


cf 
vai labia 


DEPTHL 

DtTENT 



Dvacrlpclcn 



Utiita 



Co^iutad BOO total aftai daductlnf praeaaa flew* Ui/day 

tln«-(tcp days 

Total Dwr laaa Infiltration cc« 

Nomallud CU'w-'iraa coaputational varlablt 

NeJ^tlv* ua]'.<c of nor»n^tc«il f Lav lata 

Corv Jted 900 totjl furthei ^ arrt-.^-ad tot imqhtinq Ir- 1*^ 

afPd ts 



C'MJ^|3-.iat ^^n^l v^tl*bl'? ja?d l:v auL/Li jt . r.» -J*. -''VJ^ 

rricrtBwnt for -wruaiiKJ *iva l-^-a 

We';i-< deptli of tjM •ckl > f LCd ».tB*i)> -("•-. j. ■ t.on 



cfi 

1'^ iff 



Oeptr. Incfim'nt 






Ct> 



Wa^cr der^th ui cpnaivcir 

D^ptli af r^afkivoir fcE Uie prevjo^oi* tlntj i»ti>^ 

Rfservolr plag flow tietention tiBfc 

L'onq:iot.it ion variable uSfd in {leterBUnin'j t)i« flov 
over a (low divider 



BUM 



Dianetar of circular pip* 



ti 
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VArlakl* 

Hama 



Description 



Unit* 



Vul«bl« 

Hum 



Deicriptlon 



imita 



O 



OINTIL 




M*T 


C 


worn 


c 


BTSI 




BTSI 




DETART 


c 


KTC* 


c 


DT 


c 


DTIH 




DTHORE 


c 


DTON 


c 


OrPUM> 


c 


DUHDCF 


c 



DUHYl 




DUHY2 




Di;m3 




Dunr* 




DWflfS 




w 




OVBOO 


c 


DVWF 


c 



Dty tM«th*T Infiltration 

Oundult langth 

Hoiaalliad daptha of (Ioh 

Dcrivatlva of 0/5, "1th ropvct to A/hf 

Naaa of aid>r<iutln« 

Depth at tha ptaup atartup 

Depth at piaip ahutdovn 

Size of tine-Etrp 

Tlaa on input tip* frrm RUKOFP 

Extra tine-gtep needed to pmf dry 

Nunber of tine-stepi ptmped 

fotal tlae-itepa to pui^ dry 

DiKHy depth used In Internal itoraije reservoir 
calculations 

Ikjaniy ttoraqe volme uaed in internal storaije 
reservoir calculationa 

Corrected hourly DUF 

Corrected hourly BOD concentration 

Corrected hourly SS concentration 

Corrected hourly concentration of fourth 
pollutant 

Corrected hourly coll for* concentration 

The chanqe In flow velocity between tm aucceedln^ 
flow routinq iterations 

Dally BOD variation factor 

pally BCMage flow variation factor 



9P" 
ft 



ft 

iec 



cfs 

Ih/cec 

Ib/at'C 

(not yet 
pro9taae«dJ 

MPH/sec 



BVSS 
CMBOO 
DHCOI.I 
DWQAVS 

0f 
OUU3HO 

□MI.S 
DW190D 
LMlSlj 
DICDT 

01 

El 

D2 
D2COU 



rAHILY 

FILTH 
FINDK 



C Dally GS variation factor 

0OD of Ewr of each aubarea 
Collfora load of PHF in each aubarea 

Total niAiber of antecedent dry day* 

Dry weather flow 

tt>tal number of dwelling unita within aubarea KMUM 

Name of aubroutlne 

SS of tMF Ir each subarea 

[>rr Bet in each subarea for each time-step 

:mt ES in each subare.^ for each time-step 

C Length of conduit divided by time-step interval 

in seconds 

C Pezlff.eter of rectanctular , roujid botLOB contlujt 

Rate constant for decay 

C Wetted perimeter of rectanqular lound bottom 

condui t 

Rate ronstdnt for i' aera^iijn 
Tota; :»<r col... TT per subarea 

C Allowable error for converqence in routing routine 



Kvoaber of people living in average dwelling unit 
within subarea KNUH 

Name Of subroutine 

Naate of subroutine 



Ita/aac/DT 

HPN/IOQ aL 

day* 



Ib/sec/CT 
Ib/DT 
Ib/UT 
f t/»ec 

ft 

1/day 
(t 

l/day 

W'«/*ec 
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VarUbla 



Daacrlptlon 



Variable 
Unit* Da** 



DaacTlptioi 



Unlta 






GKMl 


c 


Gixau 


c 


GECM] 


c 


CINFIL 




GMO 


c 



H 




KELP 




HVBOD 


C 


HVCOU 


c 


HVWF 


c 


HVSS 


c 


-|. 




1 




ICXK 




IG06T 


c 



Haaa of aubieutlna 

rractlea of tl(n-a»p pia*^ 

rractlon of an Inflow plu9 



Conduit nrtlcal dlacnalon 

Conduit hori(ontal diaanslon 

Conduit dlaenalon 

GroundvataT Inflltcition 

Suparerltlcal flow indicator, flow not auper- 
critical 



Haad ovar walr 

rior>all««l araa flo« (- ALPHA) 

Hourly BOO variation factor 

Hourly nllfoTV variation factor in DWF 

Hourly aewaga flow variation factor 

Hourly SS variation factor 

Di^nalon and do loop countar 

Etatio of A/CJi tor linaar intarpolation countar 
(DPSI, PSD 

Havton-Raphaon Itaratlon chack 

Coat output control paraaatar 



ft 



ft 



I FLOOD 

ts. 

m 
imth 

IMlTAi, 

'mat 

lOLD 
iOUTCT 

IPKIHT 
IR 

ISWOO 
ISTOUT 
ISTTTP 

ITEK 

JIN 



c 
c 
c 

c 

c 
c 

c 
c 

c 
c 



Flood Indicator 

DO loop countari 

Do loop countar* 

Do loop cotaitar for alaBant nu 

Counting paraaatar tor I/O input fllaa 

Hamm of aubrouclnt 

T4aaw of aubroutlna 

Extarnal eleaient nLBA>cr foi flow aiiJ quaiity 
Inputs to th« 



Internal upatraaa elcnent nuabcra 

Routing &olution indicator 

Ocuntlnq parasetar for I/O output (ilai 

Pollutant number 
Pollution control paranatcr 
Print control paraneter 
Elraent niaiber aequencing arra/ 
Storaga K>de p^cajnvter 
jtoragti cutlet -y^ >^ i'^cAMt^ir 
Storage reaarvoAi cvpe parajactar 
Iteration nunbar for routing 

Do loop countar 

Input fila reference imiabara 
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«uL*la 



m 

jPLcrr 



U5Z 




u»y 




UCPTH 


c 


KDT 




true 




ETOX 


c 




c 


'm: 




UJMD 




HJkfiS 


c 


KHIHS 


c 


XMUH 





DMcrlptlon 



ttatta 



VarltbU 



DaacrlptlaB 



mlta 



Do loofi countar 

Kxtanal alMMnt nt^Mn at «tilcl> flew aatan 
ncai*ls4 watar 

Output fila ratarww* lU^ian 

MiatMr of first Inlat pltt9 In eutdov 



Control paraaatar for ptottlJi? routad hvdroqr^ha 
and poilutoqrapha 

Klaaant ntafear aaquancln^ array 



iDtarpolatlon warning (1«9 

Study ana Indicator 

ttaiti^t for tha day of tha ««ak (Sunday - 1) 

Paraaatar Indicating fora of Input for D-A data 

Tiaa-atap niabar 

Intarpolatlm vamlnq fla^ 

Paiaaatar Indicating aurcbarglnq 

Ni^baz for tha hour of a day 

Do loop countai for tl>a 

Pradounant land uaa within aubaiaa 

Paraaatcr Indicating form of input for 0-» data 

HiHbar for thm unuta of an hour 

Total nia«iar of aidiaraaa vlthln a qivaa atudy asaa 
In vhldi aava^a flou and quality ara to to aatini t ad 



KPHnrr 



KSTon 
KTMUM 
rrsre* 
nMiT 

mm-., 
h 



LP 
LP REV 

i 

IKTHOO 



:'in 



Inlat plug nvattar 

CDBtrol p a r — tar for prlaUng aauar araa 
■action data 

C Staraga laiit aialiar 

C ttora^a alaaant array 

C Ibtal niB*Mr of adtaraaa 

C lotal Ni^Mr of tiaa-atapa 

C Paranatar itidicatijag lailts la wUi^ watar 

uaages ara tal>ulaLed 

Shialda I aa cilteiion for dapoaltlon and 

resuspenaion 



Slsa of data array 

GeOM3 

C flag to labal laat inci mii t of flov In plikg fla« 

C NiBtoar of laat inlet plug in outflof 

C LP for pravloua tiaa- step 

Half width of ine -uttt-l aurfaca in tha alatant 
croaa-aectlona) ^^pa 

C Current Intaraal aleacat uatiar 

Paraaetar indicating «*tather or not watar 
uaage la aatared 

Day en which Baiting pariod baqiaa 

Day on idiidi Halting pariod anda 
C Total ai^nr of *aluaa of ANOMI and QNQW 

C Total ntattar of aalaaa of NUMI ^a gKXM 



o 



o 



-J 
.a 



a 

a 



II 



St 

b 

i 



3 



I 



I 

i 

3 



I I 



b 



\ 



i 



I 



1 

3 



1 I I 



l! II 



! : i i i iH 



I 

h 
O 

b 

u 

3 
I 

3 



I 



Oi 

• 



3 

I 
3 
I 



!i n 



. i 



r 

3 





1 

3 

J5 

8 
3 



:3 fl 



_ _ _ e 

>i <^ M 2 .H 

I 3 35 3 

I ti is. H 



i ! 



§ 

r 



t S i I 



i 



3 



i i 



n ! 



J 

a 

i 



1! 



1 1 



I 





8. 



i k 



M h I 

i i I 

3 3 S 

£ £ ;;; 



M ^ 

9 H H 



Hi 

n 



i 



E 
33 

H e 






S I S 



1 

m 

< 

II 

3 

I 

t 



I a 

e 



J! 3 





£ 


J 




1' 

4 


1 




8 


J 


1 


1 


1 


1 

J 


1 

3 


1 

? 



I I • i Hi! 



9 

e 

m 
"40 



s n 



% I I 



I 

1 1 

! s 
? I 

s ^ 

3 i 

n 

U M 
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j 3 ;J ^ 

■ »« S o 






13 
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IMCIIAT 
MSTOR 

m 

■TOT 
MTKIH 

UTRDtR 



in^m. 



It 



Oaacilptloa 



Varlahl* 

Unlta Nu* C* 



C BcEatcii tap* ni«b*r 

C Total niatMr of atoraqa Milt» 

Elawnt typa 

Total iwi^aE o( da^n* daya abova 7J0 

Oat« aat rataranoa niatiara Cor IA> f^l* 

Data aat rafaranca niatoan for I/O (11a 

Eleaant typa 

Scratch flla 

C Elenent typa 

C Extarnal nMtraa* alaaant nia^ra 

Day ni^Mia uaad In aaal^nlnq cUily daqraa/day 
valuaa 

Day ni^Mra taad in aaaigning dally daqiaa/day 
valtaa 

Day niaiiara uaad in asalgnln^ dally daqraa/day 
valuaa 

Asaiviad dally daqraa/day valuaa 

C EKtemal alaaent niabci at which inflow to 

aewar la prlntad 

Aaaignad daily dagraa/day valuaa 

hsalgnad daily de^raa/day valuaa 



Tha praparatlon of total infiltration for 
aacb conduit 



OPIHr 

OPKrtl. 

tofraa-day OUT 

OUTIN 

OUTl 
DUT2 
02DT3 

pck; 



PCT2 
PER 

Fum> 

POP 

POPDGN 

POPUIA 

FP 

PRICE 

ruitT 



dagraa-day 
daqraa'day 



C 
C 

c 
c 



DaacrlptUn 



Onportunity factor rfpcMaoting langtli of opaalBfa 
auacaptlbla to Infiltration for total araaa 

Opportunity factor rapraaantlnq auacaptibillty of 
aach conduit to infiltration for Individual araat 



ft 



ft 



Ovarflow hydzofrafli and pollutograph atoraga array *ar labia 
Inflow hydroqraph and pollutoqrapli atexaga array varlabla 



Prlntad eutClowa 
Printad pollutanta 
Intarpolatad atoraga wluaa 



Percent of dwallinq unlta poaaaaaing qarba9C 
frinden within aui>araa IIIIUM 

Practioo of aadlaant on faottoa of aawar witR 
diaaiatar graatar than or aqual to CRJTD 

Fraction of aadiaant In auapanaion with dlaaatar 
graatar than or aqual to CRITD 



cfa 

Ib/Bia, 
WK/Bin 



■attad pariaatar of aodifiad croaa-aection araa 

Pollutant ordlnataa froa aurfaca runoff 

1<otal population in each subarea 

Population danaity P*r •=" 

Total population in all araaa thoi 

Sana aa 0UT3 



ft 
Ib/ala 



Coat of laat thouaand gallona of watar par 
billing pariod 

■aaa of auteoutiaa 



«/l,000 «Bl. 



f 
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m 

HI 



1% 

H 
m 



rlptloa 



rUkto 



Mlta 



of fBKtla 
11«^ flw, 



C(B«tmt p^viiiV rmta at 



Conduit diadialcaal iBriabl* for 



Ooaduit dlBHHloMl *wi«l>la tot caVHtAtlan 
(riMST) 



tlOB 



Coadnlt dlBcnatcn*! vtrlabla for 
(FIET) 



C cn J nlt dlBciwion«l Vkxlabla tor oo^utatioB 

(first; 



CDOdBlt dliMnaloul varLalil* (oi coatNitatlon 



COBdiilt Hi — M loMl varlabla for co^potatiaa 
(PIRST) 






c 


S«»r fluM 


(IPiT 


c 


Sna^a lnflo« 


VDU. 


c 


r^ll flo" capacity for CDoAiita 


01 


c 


s«w«r •laaant infloM 


guv 




Total iBtlltration 


gi^'u. 


c 


CcowAntar iDflltnUea iaflon 





ffnvr 


c 




ffnmL 


c 




fl»« 


c 


oCa 


00 
gou> 


c 






c 




0OUBT1, 


c 




ffWT 






(lonD 


c 




goi 


c 




goi 


c 




Orr 






grww 


c 


cfa 


w 




ef» 


ggnir 




cfa 


W 




Btm 








llBdl*«rtad floH la a floH dlvUvr or tbm tlau 
9Qiag to tha alaaant uta^mi 9lv«n Ir GtOiO 

Uvartad fla> la a flo* divldar 

• dallf !■ ui, — ■ fin* aaiiai Imj acadr ayataat 

aatflcDf rata 

laflltTaCion flair rata 

Su of 3<r and iBt^^trrtton tlow 

•atie of total infiltration flow te WT flat 



(llfcaiialfal varlabla (or 



mSi 



eia 

-el* 



cfa 
cfa 



cfa 



Saaa a* rs, coaAait 
daptti caloaLatloaa 

■a^ of foactifBi 
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Mrl«bl« 



Datorlptlon 



Varlkbl* 
Unit* Nan C* 



Dascrlptlon 



Unit! 



WJkCT 



WYD 

nHPii. 



tcun 

KWTC 



MgpF 



iftspr 



nooc 

SCOL 

SOOLC 

KOUIl 



■nvtL 



C P»ctoc to oalculata (ull-tVov hydr«ullo radliia 

Ooi^uUtLaa VBTlabl* uaociatad alUi ooodult flow 
•rwk 

Hydiaullc radius 

A«*riiq* Inflltxation dii* to rain vatar 
infiltrating Into pipaa fro* tha qround 

C rim ordlnataa ttom aurfaca runoff 

C Conduit roaqhnaaa IMannlng'i n) 

Maaa of aubroutina 

Itadiua of tha aleaant (circular pipa) 
Paak Infiltration cauaad tay raalAial aalting 



Hattad pariaatar (MUm] 

Saturation valua for DO (QUM.) 

MO contributad fron tnduatxlal procaaa tint 

10t«l industrial procaaa flow orlqinatlnq within 
at^araa raUM 

S5 contribtttad by Induatrlal procasa flows 

BCD in stora^a lailt 

BOD concantration In storaqa unit 

Suparcritlcal flow indicator 

CBlifora ooncaotratlon In storaga init 

Ooliform concantration in atoraqa unit 

Badiasnt raaovad troa conduits 

Haaaurad avara^a sawa^a flow 

Infiltration dua to aaltlnq raaldkial lea 





SU» 






SLOPt 


c 


ft 


SLUFB 
SW<BC» 




«p» 


SmOHF 




cfs 


smss 

SHTDWr 
SPG 




«• 


SSCOHC 
SSCOUT 




ft 


SSIM 


c 


■9/L 


SSOUT 


c 


BH/L 


sss 


c 


cfs 


sssc 






STOR 


c 


■9/L 


STOW 


c 


lb 


SIOM. 


c 


•9/1. 


STORMX 


c 




STORD 


c 


lb 


SIIMBOO 




KPN/Hl 


SUHINP 




lb 


SUNQPF 




cfa 







Haas of aubroutina 
Oondttlt Invart ilopa 

Slops of lina -C <i - C oa rifura k'3 

St^Htion of BOD in syataa 

Eu^aation of DHF In syataa 

■uaaiatlon of Infiltration flow rata In ayata 

Staaiation of 5S in systca 

Sua total of DHF and Infiltration 

Specific gravity of scdiaant 

Total and subtotal 5S concantration of DHT 

SS concentration in outfl^f 

SS inflow rata 

SS outflow rate 

SS in storage unit 

SS concentration In storage unit 

Water in atorage 

Storage it end of atora 

Stored water previoua tlae-stap 

Maxlwa storage during atorai 

Initial storage 

Sua of BOD froB all process flow 

Stm of OIHFII. and RINFtL 

Sua of the process flows froa all locations 



ft/ft 
ft/100 ft 



Ib/ssc/lT 

Cfs 

cfs 
U>/sac/Dr 

cfa 

-9/1. 

-9/L 
Ib/W 
Ib/crr 

lb 

-sA 
cf 

aiit 
Bf 
lb/sec 

cfa 
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Vaclabla 



•UHl 

sum 

SlRCSl 

nMCE3 
SISPP 

noDOT 

TCA 
TCOLI 

torn 



TXTLE 
lOtA 

itmu. 

fOTALl 



Dasorlptlon 



Unit* 



Variable 



lb/a«e 


TOTM,] 


Cfl 


TOTAU 


lb/sac 


TOTBOO 




tOTPOP 


Ib/iac 






TOTSS 


ct 






TPM 


ef 






TRM 


lb 


TWWS 


acraa 


TRGGA 


KPN/day 





■uB Of B( frcB «ll pmcaaa (Ion 

Bub (or aavw flom 

Sub for ooncantfitlon of pollution, BS 

Th* aaount of aollds hald In auapanaion dua to 
valoclty of flow 

C Sutchtr^ad flov voluaa, lait tlaa-itap 

C Surcturgad flow voIuh, thla Una-atap 

Avsragc dally SS of procaaa flow 

Total BOD diacliarged fron outfall 

Total contributing conaarclal araa 

Total coll f on in CMr per day 

Total contributing aiaa ucapt Induatiial and 
park and opan apaca araa 

Total eea^tad raiidantlal and coaaarclal ana 
which oontrlbutad to DHP 

tiara In nutlng aquation 

Tha angla which la drawn froa cantar of c'tamm- 
aactlen araa to th* watted aurfac* 

C Tiaa froB (tart of alailatlon 

Tlata alnca atart of InfloH 

Total contributing industrial araa 
C Title aaaoclatad with i/o 

Total atudy area froa which ABOD and ASUSQ ««n 
taken 

Bia of all IncoBlng •*«*' (low 

SiBi of all pollutant flow rataa froa avHar eleaB 
liBBdiately upatreaa 



acrae 

TSSOUT 

TSTCST 

radian TSTOHS 

B*c TSTRCT 

Bin TZERD 

•crea ULEM 



tILIHIT 



•eret 
cfa 

IVMC 



Daacriptien 



Uhlta 



Pollutant flow rate of inooatlng runoff 

Pollutant flow rate of all flow and aoourlng affect 

Total of BOD 

Total population 

Total 55 

Total park and open space area 



below ^IS.OOQ but 



Total contributing, average Inco 
above S 7,000 raaidential araa 

Nana of subroutine 



Total area fro* TRHA, TRAA, TRIA that aontribute* 
additional waste froa garbage grindara 

Total contributing high incoae above fll.OOO 
reaidential area 



Ib/aec 
lb/Be« 
lb/day 

lb/day 
acres 

acres 



Total contributing low iui 
reaidential araa 



below $7,000 



Total SS discharged fron outfall 

Nana of subroutine 

Majm of subroutine 

NasM of subroutine 

Tlaa atom atartad 

Average distance between joints in study area 



:>»' 



Upper liait of bed load of solida 



ft 



fOTkU 



pollutant flow rate of Incoalng DW 



variable 
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Vwlftola 



Vartibl* 



WL 



v/* 



wouwr 

VCLl 
VOLS 

ND 

wiwr 

WTMTK 

MDHPl 
HDHFI 

NDHP3 

IKIMfr 

WIH. 



us LOPE 

W 



DsacrlptLa* 



Mark«t valw of avaraga dwalllnf unit within 
•i^araa mm 

Haaa of • funetlan 

C Matar Inflaw par tlaa-atap 

C Hatar outflw par tlaa-atap 

Pravioua «d1ip« of waatMatar viUiln aach alaMftt 
Currant voli«a of waatawatar within aach alanant 

Wlntar watac w« tor KMUH (lalta of WUH) 

Wal^ht on apatlal darlvatlva In routln9 flona 

C Sewage pollutant conontrationa 

weight atranqth of XMt contilbutlnf araa 

(not inclidlnq induatriai and park and opan araa) 

Daily adjuatad aai>ai|a BOO concantratlon 

Daily adjuatad aawaqa SS ooncantra tioo 

Dally adjuatad aawaga collCoi« conoantiatlon 

Hair halght 

Hall langth 
C Hat Mil will— for lift atatiou 

C Hat nail voluaa for lift atatlona 

Slopa of watar aurfaco 

Halght on tlM darlvatlva in routing flOHS 



Unlta 



•1000* a XIHCOM 

KKLTBC 
XtaTEH 
MOrUD 



cf 
cl 

ct 
cf 



varlabla 

ib/aac 

acrai 

Ib/aec 

lb/*ac 

M«/*ec 

ft 

ft 

cf 

ct 

ft/ft 



n 

YES 



Daacrlption 



tkilta 



IneoMa of avaraqa faaily living 

Hidth of ractanyilar plpa 

Floating point nu^>ar MLTU 

Floating point muiMr KLTEH 

Floating point nuabar NDITUD 

DuiBy variabla uaad to caloulata SIHFIL 

Data array ■ m tar 

Output valua troa Intarpolation routina 

Supercritical flow indlcatotj flow la aupar- 
critical 



11000* 



S. 
1»v 



Data array na^iar 

Input to intarpilation routina 



TABLE 21. TRANSPORT SAMPLE INPUT DATA 

(Corresponds to Output in Tables 22 to 33) 



iRflNSPOH r 




(1) 







(1U^/\injMAT YNt SErtfcR DISTRICT 




(12) 


15(1 ftfl ill S S 


1 


(13) 


500. 


8. 


(14) 


I) I 1 


! 


(15) 


1 102 1 59 lai 

2 105 
5 loa 
a los 

S ) h 9 8 
fi 1 7 

7 1 rt ft I i 

8 I 09 
Q 1 10 

10 111 S 1 

11 112 

12 115 809 
15 114 

\n lis 906 

IS 1 \h 

Ih 1 17 Hia 

17 118 90S 
IH 1 1^ 
19 120 802 
2 121 
21 122 

2 5 

?ti 12 5 

25 

26 12S 

27 12U 126 
2M 127 






29 \^P^ 20 


60, 




40 129 SiO 






51 150 






52 151 






5 5 






5ti 155 






5S 1 5a 






56 1 5S 1 52 






5 7 136 






5H 15^ 






54 1 58 






lot 






a 8 1 S « 






2(Jl 






202 805 






205 80U 






Pi) a BOS 






2 ( ' S 8 U 6 




(15)501 





7S. 10. U.h 129 



116 
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513 



(15j302 


607 


305 


606 


«0l 




^02 


610 


ao3 


ei 1 


aoa 


612 


bOl 




50? 


OOl 


505 


402 


5oa 




505 


903 


^01 




70 1 




702 


907 


510 




550 




5ao 




513 




ai 


lao 


(15) «? 


1«2 


10? 


2 


103 


3 


I Oil 


a 


105 


5 


10b 


6 


107 


7 


lOH 


6 


109 


9 


110 


10 


111 


1 1 


112 


12 


113 


13 


wa 


la 


115 


15 


1 16 


16 


117 


17 


116 


16 


no 


19 


120 


20 


121 


21 


122 


22 


123 


23 


12a 


2« 


125 


25 


12b 


26 


127 


27 


128 


28 


129 


29 


130 


30 


131 


31 


132 


32 


133 


35 


13« 


3« 


135 


35 


136 


56 


137 


37 


158 


38 


139 


39 


flOl 


101 


(15^0? 


ao 



9oa 



20 5.5 1.59 10. 10* S* 1") 





1220.0 




5.0 


0.04 






1 . 1) 




5.0 


2.27 






2 . 




5.0 


0.10 






420.0 




5.0 


0.01 






320.0 




5,0 


0.05 






220.0 




5.0 


0.11 






320.0 




4.5 


0.04 






270.0 




4,5 


0.07 






530.0 




4.5 


0.08 






260,0 


5. 


3333 


0,02 


3.8333 




270.0 


«. 





0,12 


5,1667 




3^0,0 


5. 





0.04 


3.3333 




3UO.0 


5. 





0.16 


3,3333 




3«0,0 


5. 





0.10 


3,3333 




610.0 


5. 





0.02 


3.3333 




90. 




4.0 


0.11 






300. 




4.0 


0.17 






620. 




4.0 


0,23 






6^0. 




2.5 


0.19 






«00. 




2.5 


0.12 






uoo. 




2.0 


0.29 






230. 




?.o 


0.27 






100. 




2,0 


0,64 






160. 




2.0 


0.17 






100. 


1 


.667 


0,60 


2,5000 




250. 




2.0 


0.20 


3.0 




330. 




4.5 


0,15 






2ao, 




5.5 


0.16 






330. 




5.5 


0,20 






330. 




3.5 


0.32 






200. 


3 


.6667 


0.69 






290. 




3.0 


0.54 






300. 




3.5 


0.49 






50. 




3.5 


1.48 






60, 


3 


,6667 


0,56 






600. 


3 


.6667 


0.40 






7«0. 


3 


.6667 


0,41 






2'iO. 


4 


.4167 


0.48 






280. 




2.0 


0.24 






300. 




2.0 

117 


0.22 
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^< )4 
MfiS 
H()6 

^^ 1 n 

iU\ I 

i\ (1 4 
H 1 
HI 1 

HI h 

vol 

Vt)f> 

1 ^0 

t ^\ 



(lb) 

(3)) 

(3^:) 
(3L) 

(36) 
(37) 

(33) 
(39) 

(3'J) 
("0) 

('10) 
(''D 
(12) 
('^3) 
(44) 
(46) 



(CONT' 

?(!.» 

?0 ^ 
it)l 

'1(1 1 

S«l 

Sits 
so ^ 

hfl I 
701 
70^ 



D) 



1 



'4 1 



14 
I'* 

.9r>9 

.frOO 
.«7'i 

.son 

. li 

.0 
.0 
.0 
.0 

.0 

.0 
. 

s 

? 



1 



S4?,_ 

H 

1 h^t^ 

\4^^0 

! I /( 2 ^ ? 
I c?'J01 5?0 
I iac)^5?n 
1 'ta053?0 
IS 6520 



1 

? 

s 

a 
s 

b 
/ 
H 

10 



10 
1 



6 

h 

1 .01 rt 

1 .12H 
1 .O'J? 

.«so 
1 .4Sn 



, soo 

,0 

,n 

,0 

.0 

,0 







1 



5 < n.( 
7 So 
<^S(l 

?^(( 

7o 

HO 

SSd 

ib(» 

6 I (I 
ian 

HS 

h7n 
1 

i^o 

H\){\ 

i?0 
7 
10 50 
SS09 

S7 0. 



1 .OH? 
, o ^ 'J 

1 .(lh5 

. (JSO 

1 .4S0 

1 on 






n 






391 



o.a^ 



a 

.oos 

.010 

.nos 

.011 
.00*^ 
.010 

.os^ 

.0^0 
.06H 

,01 ;' 

.05^ 
.092 
,101 
,Oifo 
. 1 « 



1.0 

1 .11 

1 .0 

4 1 
SSf^. 



9.25 

1 fi.iy 

«.77 
17.)? 

1'4.SS 

IS. 73 

1 '» . 1 5 

17. y? 

15.1 

IH.Mb 

b.\'i 

17.70 

19.ii2 

fo.90 

h.20 



1 . /s 

2,0 
2.0 
2.0 
'>.0<- 
2.0 
2,0 
2.0 
2.0 
2.S 
2.S 
2,S 
?.( 



2. 
2, 
2, 
5, 
2, 
2, 
2, 
5, 
'i, 



i.O 



0.2« 
0,21 
0. )^ 
0.i<5 
1.2<^ 
1 ,0« 
0.«H 
O.SH 
0. 50 
0. 1 ^ 
0.23 
1 .55 
0.22 

0.2^4 

0.27 
0.2h 
. 'I 7 
O.S? 
0.5S 
'4,67 
0.20 
0.20 
0.2 



(I9.S 
1 


27S, 
S,i4 
S.^ 
S.ii 

•'.^ 

'*. 7 
^.7 
2.7 
S,u 
2,7 
2.7 
?,7 
2.7 
9.7 



1.018 
1 .050 
1 .044n 
.aso 
1 .soo 

.ftOO 
.0 
.0 
.0 
.0 
,0 
,0 
,0 
.0 
.0 

105. 

I .t09 

l^'O, 

10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 



1 .0 52 
.9S3 

1 .0S5 
.iJSO 



1 



/^. 



,0 

1 .0 
i .0 
1 .0 
1.0 
1 ,0 
1 .0 

i2.S6r 

5S2.2 



5.0 1 f J . 
5 . U \b,.(> 



5.0 



16.0 



5,0 1 h 

5.0 16.0 

5.0 16.0 

5.0 12.S 

5.0 12. S 

5.0 Ife.O 

5,0 (6,0 

5,0 16,0 

5.0 16.0 

5,0 1 6 . (I 

5,0 16.0 

3.0 12.5 



^.5555 



5. iSU 



1.012 
1 .OH'? 
1 .uSa 
.S7S 
I ,501) 

.700 
1 . 

tJH 
UM 

1.1 
I. J 

:i -# 



sn 



0.0 
. 

n.o 

0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
(1,0 

o.c 

0.0 
0.0 
0.0 
0.0 























{■■ 




(.' 




(i 









. 4 7 

.<Mi7 
1 .OOS 

.^00 
1 .400 

. 70 
1 .0 
1 .0 
1 .0 
1 .0 
1 .0 
1 .0 
1 .0 
1.0 

1 .0 





















^,0 
^.0 

<-.o 

6.0 

6.0 
6.0 
S.6 
S.h 

S.'4 

<-.o 

S.u 
5.(4 

s.y 
s.« 

S,h 



.9 

1 . '4 C 
.6S( 
1 .0 
1 .0 
1 .0 
1.0 
1 .0 
1.0 
1 ,0 
1 .0 
1 . 



118 
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(45)lh H\?0 
1 1 10 5?0 
1 H-^011?0 

? 1 ^ a 1 ^ 
?a?(n 120 

PSIO) J20 

?6 aoi2o 

P7 191P0 

?8 aoi?o 

?9 2?1?0 
^0^01120 
^1502120 
3?503120 
3SSf>5120 
5aS0'U20 
^5601 120 
56 13120 
37 10120 
3« 9120 
39702320 
« 07 01 52 
{45yn '4 1320 



0.0?'41 0.(lO 


19,? 


10, 


3.0 


I?. 5 


10.0 


.??^00 


.i>27S 


.0 


5.6 




0,UbU2^.'JH 


19.7 


1(1. 


i.o 


12.5 


10.0 











5,6 




0.0^011,10 


3 . (1 


10. 


3.0 


la.o 


10.0 





(> 





6,0 




0,OHS23,22 


30.0 


10. 


3,0 


1«.0 


10,0 


(» 








6,0 




0.03b 9.69 


30.0 


10, 


5.0 


l^l.O 


10.0 


u 








6,0 




0.06220.33 


25,3 


10. 


5.0 


15.0 


10.0 


n 








7.9 




0,06721 .33 


2S,9 


10, 


5.0 


12.0 


10.0 











7.3 




0.0M23,1S 


2b. 9 


10. 


3,0 


12.0 


10,0 











7.5 




0,0 2h H.0 7 


25.9 


10, 


5.0 


12.0 


10.0 











7.3 




0,0 IS s.ia 


25. 3 


10. 


3,0 


15,0 


10.0 











7.9 




0,0 16 S.'4l 


25.5 


10, 


5,0 


15.0 


10,0 











7.9 




0,022 7.30 


25.3 


10, 


3.0 


15.0 


10,0 











7,9 




O.OSt 16,62 


25.3 


10, 


5,0 


15,0 


10,0 











7.9 




o,0'<yia,ai 


25,5 


10, 


5.0 


15,0 


10.0 











7,9 




0,03310.76 


25.5 


10, 


3,0 


15,0 


10,0 











7,9 




0,019 6,31 


25.3 


10. 


3.0 


15,0 


10.0 











7,9 




0,03210.i»0 


25.3 


10, 


3.0 


15,0 


10,0 











7,9 




0.03ftt2,60 


25.3 


10. 


3,0 


15.0 


10,0 











7,9 




0.0381?. 60 


25.5 


10. 


3.0 


15,0 


10.0 


(» 








7,9 




0,05ft15.90 


30.0 


10. 


5.0 


1*4.0 


10.0 











6.0 




0.05717, SI 


50.0 


10, 


3.0 


1«,0 


10.0 











6,0 




0,02ftl1 ,90 


19.7 


10. 


3,0 


12.5 


10.0 











5,6 




0,0 261 1 .15 


19,7 


10. 


3.0 


12.5 


10,0 








n 


5.6 




0,016 7.13 


19.7 


10, 


3,0 


12.5 


in.o 











5,6 




0,03H1^,92 


1^.7 


10. 


3.0 


12,5 


10.0 











5,6 




0, 01218. 96 


5,^ 


10, 


3.0 


16.0 


10.0 











6.0 
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TABLE 22. SEQUENCE NUMBERING FOR BANNATYNE DISTRICT 
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TABLE 26. INITIAL SOLIDS LOAD PRIOR TO STORM 
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TABLE 27. FLOWS AND CONCENTRATIONS INITIALIZED TO DRY WEATHER FLOW 
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NCNTRL, NINFIL, NFILTH, JF'RiNT 




TRANSPORT (READ IN EXECUTIVE BLOCK) 



FIGURE 13. DATA DECK FOR THE TRANSPORT BLOCK 
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1%, STORAGE/TREATMENT BLOCK 

§*.|' Introduct ion 

The routing of flow through the STORAGE/TREATMENT Block is 
controlled by subroutine STORAG which is called from the EXECUTIVE Block, 
5T0RAG coordinates the sewage quantities and qualities, the specifica- 
tions of storage and treatment facilities to be modelled, and the estima- 
tion of costs. The FORTRAN program is about 3.700 lines in length, 
comprising 16 subroutines. The relationships among the subroutines which 
comprise the STORAGE/TREATMENT Block are shown in Figure 19o 

This section describes features in the Canadian version of SVJMM 
which are not available in the EPA Version II SWMM. Since the changes 
are internal to the program, they have no effect on the input data. 
Reference to EPA SWMM Version II User's Manual should be made for a more 
detailed discussion of the parameters used in applications of the model. 

i,»2- Changes to the Model 

6,2.1 Storage simulation routines (STORAG) 

The EPA Version II SWMM recirculated any flow that discharged 
out of the storage basin which could not be accepted by the treatment 
routine, back into the storage basin. In normal installations, fixed 
speed pumps, orifices, or weirs are used to control the release of water 
from a storage basin, and these units generally have no capacity for 
variable demands^ This "recirculation" system was removed from the 
Canadian version of SWMM such that any flows that the treatment routine 
cannot accept are by-passed to the receiving water body. The mode) 
provides the capability of chlorinating this by-passed flow. 

In the Canadian version of SWMM, the decay of SS and BOD 
concentrations utilize a "mass balance" approach which is considered to 
be more representative of the real flow phenomena. The exponential decay 
function in the EPA Version II was deleted. 

In the Canadian Version of SWMM, the removal efficiency of SS 
was adjusted to reflect the work of Smith (1971)". 



•' See Volume I of this study, Canada-Ontario Agreement Research Report 
No. kl. 
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FIGURE 19. STORAGE BLOCK 



5.2.2 Treatment simulation routines (TREAT) 

The Canadian version of SWMM includes consideration of the 
underflow for the operation of the swirl concentrator. For simulations 
of the performance of this treatment unit, an underflow rate equal to 
1/70 of the inflow to the unit was added. 

In the Canadian version of SWMM, the percent removal of SS for 
fine screens was changed to 35'o. Recent information released by Metcalf 
and Eddy {1971)" indicated that the original 21% removal was not realis- 
tic. This change significantly increased the cost effectiveness of fine 
screens and increased their importance as a treatment alternative. 

As discussed in Section 7 of Volume II, "Treatment Processes", 
the removal of BOD due to chlorination is dubious. The Canadian version 
of SWMM deletes this mode of pollutant removal from the model, 

6.2.3 Cost estimation routines 

Table 3^* presents a summary of the capital cost functions for 
the individual treatment options incorporated in the Canadian version of 
SWMM. 

It is assumed that the cost function for all treatments may be 
represented by the following general equation: 

S = AQ^F |l| 

where; A = base cost factor, 

U = design flow rate through the unit (In mgd) , 

B = indicator of the economy of scale, 

F = correction factor for locality and year. 

Cost curves and equations were developed using publications from the 
Ontario Ministry of the Environment, the U.S. Environmental Protection 
Agency, bid construction costs for sewage treatment plants (over a range 
of 1.2 - 2** MIGD), and estimations f rom equi pment manufacturers. These 
costs include such considerations as electrical work, yard piping, roads, 
equipment and other associated activities. 



See Volume I of this study, Canada-Ontario Agreement Research Report 
No. hi 
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TABLE 3/*. CAPITAL COST FUNCTION 



Treatment Options 

K Bar Screen 

2* Swirl Concentrator 

3- Inlet Pumping 

%„ Dissolved Air Flotation 

5. Fine Screens 

Sfl: Sedimentation Tanks 

7= Microstra iner 

ii,: High Rate Fi I ters 

y. Biological Treatment 

10. Effluent Screens 

11. Outlet Pumping 

12. Chlorine Contact Tank 
I3- High Rate Disinfection 



MGD 



Cost Functions 

40^00 Q^-^' F 

3330 Dia. F 

58500 Q^-^'' F 

110000 [Q X (1+RECIRC.)]°-JV Q^lO 
35600 [Q X (i+RECIROl^-^^F Q>10mG0 

18570 QF 

58i<0000 ('^/J^-^^ 
K 

67000 Q.^-'ll F Q<20 MGD 
27275 Q "'^ F Q>20 MGD 

56000 Q°-^° F 

UOOOOO Q^'^^ F 

11200 Q°"^^ F 

58500 Q^-S'* F 

28100 Q°-^° F 

3070 Q^ '^ F 



ENR Index = 2033 
F = l.O 



nm 



Finally, the use of a construction cost index for adjustment of 
cost on a common basis is of utmost importance. Presently, tine model 
uses the ENR Index as published in the Engineering New Record Magazine. 

6.2.^ General changes 

Figure 20 presents all storage and treatment options available 
in the Canadian version of SWMM. The EPA version excluded the additional 
storage option (Level 03) on the corresponding diagram in the EPA User's 

Manual . 

Further information on the changes made to the STORAGE/ 
TREATMENT Block is given in Section 7 of the Final Report, Volume I of 

this study. 

The input data for this Block are identical to that of the EPA 
SWMM Version II, and are shown on Figure 21 and Tables 35 and 36, 

i|,j; Examp 1 e App 1 i ca t i on 

A continuation of the Bannatyne simulation carried out in the 
RUNOFF and TRANSPORT sections of this report is presented as an example 
of the STORAGE/TREATMENT Block. The outflow hydrograph and pol lutographs 
at Manhole I produced by the TRANSPORT Block in the previous section are 
used as input. This example simulated an in-line storage facility 
(sedimentation), bar racks, swirl concentrator, microst rainers , and a 
chlorine contact tank. 

Table 37 shows the input data used in this simulation. The 
numbers in parentheses to the left of each line of data refer to the card 
group number used in Table 35 to describe the data formats. 

The first two cards identify the outfall location (element I), 
the number of complete runs through the program desired (I) and the ratio 
of maximum flow to be treated to the maximum flow arriving (I), The 
third and fourth cards identify the sequence of the treatment options and 
print control options^ The fifth and sixth cards describe the input data 
for the swirl concentrator. The next six cards specify the geometry and 
design parameters for the storage unit. The next card is the cost data 
card for storage excavation. The value of CPCUYD (unit cost of excava- 
tion) on the card has been set at $20. The next card specifies the clock 
time of start of storm. The last four cards describe the input cost 
funct ions,. 
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Table 38 shows basic control information which was read from 
the TRANSPORT Block input file. The input hydrograph was produced for 
the Qutfall (element 1) in the previous section. 

Table 39 shows more control information supplied as input by 
the TRANSPORT output file and by the input cards listed in Table 37. The 
selected treatment options have been listed, and the design flow rate 
selected based upon the incoming hydrograph peak ordinate. Geometric 
input data on the storage facility, its size, and outlet control has been 
printed. The remainder of Tables 39 and '+0 show additional information 
on the selected treatment options (either supplied or estimated by the 
program based upon the maximum flow rate). 

Table ^1 shows the step-by-step output results after each time 
interval. Both the treatment and storage options are printed out. The 
initial filling of the storage unit and subsequent controlled inflow to 
the treatment facility, at which point pollutant removals have been 
computed, can be observed in this table. 

Table k2 shows a summary of the treatment performance both for 
the total package and also for each level „ 

Table 43 shows the input unit costs and cost estimation para- 
meters, and also the output estimates for capital, annual and operating 
costs for this storage/treatment facility. 
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FIGURE 20. OPTIONS AVAILABLE IN REVISED TREATMENT MODEL 
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/ COST DATA CARDS 
(ONL Y IF !CO ST -_l ) 

KHOUR, KMIN 



TREATMENT DATA GAUDS 



/ EXTERNAL STORAGE DATA CARDS 
J (OMIT IF ISTOH-OI) 




QDESYN (OMIT IF OESF ,GT. 00) 



IPRINT, ICOST, (RANGE, ITASLE 



ISTOR, ITREAT ( I -7 ) 



NRUNS, DESF 



STORAGE (READ IN EXECUTIVE SLOCK) 



FIGURE 21. DATA DECK FOR STORAGE BLOCK 
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TABLE 35. STORAGE BLOCK CARD DATA 



Card 
group 



Format 



Card 
column 



Description 



Variable 
oane 



Default 
value 



110 



1-10 External element numbers from the 

Transport Block (NOUTS) which route 
the flow to the Storage Block 
(maximum - 1 for each run) . 



JNS 



None 



Execution control data. 

110 1-10 Number of different treatment execu- 
tions to be made on the output from 
the Transport Block, element JNS NRUNS 

F10.2 11-20 The ratio of the maximuia flow to be DESF 
treated to the maximum flow arriving 
(if unknown leave blank and Include 
Card Group 5) . 

FIG. 2 21-30 Design flow for high-rate disinfection QDHIGH 
for overflows, cfs. 

no 31-40 High-rate disinfection for overflow. IQDHO 

= 0, No, 

= 1, Yes. 



None 
QDESYN 

0.0 



Treatment control data. 

1615 1-5 Parameter Indicating if external ISTOR 
storage is to be called. 

ISTOR - 1, External storage not 

called , 

ISTOR - 2, External storage called. 
Inflow, (up to treatnent capacity) 
bypasses storage directly to treat- 
ment. 

ISTOR - 3, External storage called. 
All inflow 1b routed to storage 
prior to treatment. 

6-10 Bar racks and swirl concentrator ITREAT(l) 
(level 1). 



11 
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TABLE 35. (CONT'D) 



Card 
group 



Format 



Card 

column 



Description 



Variable Default 
name value 



ITREAX{2) 21 



~ 11, Bar racks and swirl concen- 
trator bypassed, 

- 12, Bar racks are In waste stream, 

* 13, Swirl concentrator Is In waste 
stream, 

- 14, Bar racks followed by swirl con- 
centrator are in waste stream. 

11-15 Inlet pumping parameter (level 2). 

- 21, No pump station, 

■ 22, Puinp station exists. 

16-20 Primary treatment parameter {level 3) . ITREAT(3) 31 
= 31, No primary treatment (flow bypassed), 
" 32, Dissolved air flotation, 

« 33, Fine screens and dissolved air 

flotation , 

"= 3A, Fine screens only, 
" 35, Sedimentation. 
21-25 Secondary treatment parameter (level 4). ITREAT(4) 41 

- 41, No secondary treatment (flow 

bypassed) , 

" 42, Microstralners, 
= 43, High rate filter, 

- 44, Biological treatment. 
26-30 Effluent screens (level 5), 

■» 51, No screens, 

■ 52, Effluent screens. 



ITREAT(5) 51 
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TABLE 35. (CONT'D) 



Card 
group 



Format 



Card 
colunn 



Description 



Variable Default 
nane value 



31-35 Outlet pumping parameter (level 6) . 
~ 61, tto pumping, 

- 62, pmplng required. 

36-40 Chlorine contact tank or high-rate 
disinfection (level 7) . 

' 71, No chlorine contact tank or 
high-rate disinfection (flow 
bypassed) , 

- 72, Chlorine contact tank, 
■ 73, High-rate disinfection. 



IIRBAT(6) 61 



ITREAT(7) 71 



Computation print control card. 

4110 1-10 Printout of treatment results for IFRINT 
each time step. 

■■0, Printout for each time step 
suppressed, 

> 1, Printout quantity results for 
each time step, 

■ 2, Printout quality results for 
each time step. 

11-20 Cost control data. ICOST 

■ 0, Cost calculations and the 
resulting printout are suppressed, 

■ 1, Compute costs and print cost 
aunmiary- 

21-30 Flow quantities simnarlzatlon control IRANCE 
parameter. 

•■ 0, Flow quantity range not summarized, 

•• 1, Quantity ranges summarized. 
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TABLE 35. (CONT'D) 



Cat J Card 

grc up Foroiat column 



Description 



Variable Default 
name value 



31-^0 Control of tabular output of the 
Inlet and outlet flows from the 
treatment model. 

- 0, Flows not sunmarlzed In tabular 
form, 

- 1, Flowa sunnnarised In tabular 
form. 



ITABLE 



F10.2 



1-10 



IF DESF IN CARD GROUP 2 IS ZERO 
INCLUDE CARD GROUP 5, OTHERWISE 

OMIT. 

Design flow rate of treatment 
facilities, cfs. 



QDESYW 



None 



IF TREAT (1) ^ 13 OR W , SKIP 
CARDS 6 AND 7. 

Swirl concentrator data. 

110 1-10 i'ijttber of particlijs sizes 
(maximum number " 9), 

Sulrl concentrator diameter, ft, 

Specific gravity of particles. 



2F10.0 11-20 
21-30 



Swirl concentrator particle size 
data card. 

16F5.0 1-5 Particle size, cm. 

6-10 Fractiou of total particles. 
11-1") Particle size, cm. 



NOPART 



None 



DIAHS? None 
SPCSAV None 



PSIZE(l) None 
PCENT(l) None 
PSIZ£(2) None 



*A11 values of PCENT art entered as fractions. 
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TABLE 35. (CONT'D) 



Card Card 

group Format colmn 



Description 



rractlon of total particle* 



Variable Default 
name va lue 



FCENT(2) None 



Particle size, cm. 
rractloo of total partlclaa 



PSIZE(NOFART) None 
PCEirr(NOPART) None 



CARDS 8 THROUGH 17 ARE DATA INPUT 
FOR EXTERNAL STORAGE. (ISTOR - 2 
ON CARD 3) . OMIT THESE DATA CARDS 
IF EXTERNAL STORAGE IS NOT DESIRED. 

Storage unit data card. 

1015 1-3 Storage mode parameter. 

■ 1, In-line storage. 

6-10 Storage type parameter. 

•• 1, Irregular (natural) 
reservoir , 

■ 2, Geometric (regular) covered 
reservoir , 

- 3, Geometric (regular) uncovered 
reservoir . 

11-15 Storage outlet contrul parameter. 

- 1, Gravity with orifice center 
line at zero storage tank depth, 

- 2, Gravity with fixed weir, 

- 5, Dual rate pumps* 

- 6, Existing fixed-rate pumps, 

■ 9, Gravity with both weir and 
orifice,'' 



ISTHDD 



ISTTYP 



ISTOUT 



Sscond pump starts If first pump does not lower water level. 
*Thl» type of storage outlet is not presently programed, if modelling la 
dulrcd, uae Internal storage from Transport Block. 
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TABLE 35. (CONT'D) 



Card 
group 



Format 



Card 

coluinns 



Description 



V«Fl«bl« D^aulc 
none value 



ComputBtlon/prlat control card. 

3110 1-10 BulD flow parameter. IPOL' 

■ 0, Mo ^llnUMta, (hgrdraullu amlj), 

- 1, Perfect plug flow through 
basin, 

- 2, Perfect Mixing in basin. 

11-20 Print control parameter. ISPRIN 

" , No print each time step, 

" 1, Print each time step in 
storage , 



10 



F10.2 1-10 



HO 11-20 



Reservoir flood depth data card. 

Maximum (flooding) reservoir depth, 
ft. 

Chlorination option. 

INCLilDE; EITHER CARD GROUP 11 OR 12, 
NOT BOTH. 



DEPMAX 



ICL2 



Hone 



None 



11 



F10.2 1-10 
FiO.O 11-20 



INCLUDE CARD GROUP 11 IF ISTTYP ON 
CARD 8 HAS THE VALUE 1. 

Reservoir depth-area data card. 

A reservoir water depth, ft. 

Reservoir surface area corres- 
ponding to above depth, ft^. 



ADEPTH(l) None 
AASURF(2) None 



FIO.? 61-70 A reservoir water depth, ft. 



ADEPTH(4) None 



Not presently programmed, leave blank. 



158 



TABLE 3' 



(CONT'D) 



C«rd C*r<J 

group Format colmoa 



Description 



.11 



ti 



FIO.O 71-80 Reservoir surface area corres- 
ponding to above depth, ft^. 

(NOTE: The above pair of variables 
is repeated 11 times, 4 pairs per 
card.) 



2P10.0 1-10 

11-20 

FID. 5 21-30 



F10.3 



M 



INCLUDE CARD 12 ONLY IF ISTTYP ON 
CARD 8 HAS THE VALUE 2 OR 3 . 

Reservoir dimensions data card. 

2 
Reservoir base area, ft . 

Reservoir base circumference, ft. 

Cotan of sldeslope (horizontal/ 
vertical) . 



INCLUDE ONLY ONE OF THE OUTLET DATA 
CARDS 13, 14 OR 15. 

INCLUDE CARD 13 ONLY IF ISTOUT ON 
CARD 8 HAS THE VALUE 1. 

Orifice outlet data card. 

1-10 Orifice outlet area x discharge 
coefficient, ft^. 



2F10.3 1-10 
11-20 



INCLUDE CARD 14 ONLY IF ISTOUT ON 
CARD 8 HAS THE VALUE 2. 

Weir outlet data card. 

Weir height above depth - 0, ft. 

Weir length, ft. 



Variable Default 
name value 



AASURF(4) None 



BASRA None 
BASEC None 
COTSLO None 



CDAOUT 



WEI RUT 
WEIBL 



None 



None 
None 
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TABLE 35 (CONT'D) 



Card 
group 



Format 



Card 
colunns 



Description 



Variable Default 
ante value 



15 



3F10.3 1-10 
11-20 
21-30 



INCLUDE CARD 15 ONLY IF ISTOUT ON 
CARD 8 HAS THE VALUE 5 OR 6. 

Pump outlet data caid. 

Outflow pumping rate,^ cfa. 

Depth at pump startup, ft. 

Depth at pump shutdown, ft. 
{DSTOP > 0.0)'' 



QPUHP 


None 


DSTART 


None 


DSTOP 


None 



16 Initial conditions data card. 

3 
2F10.2 1-10 Storage at time zero, ft . 

11-20 Outflow rate at time zero, cfa. 



STORO 
QUOTO 



0.0 
0.0 



17 Cost data card. 

Flo. 2 1-10 $/yard for storage excavation. 
.-'Mt 0? EXTERNAL STORAGE CARDS. 



cpcum) 



0.0 



18 



F10.2 



I'.-) 



IF ITRtAT(2) " 22 ON CARD 3, 
INCLUDE CARD 18. 

Pump head for Inlet lift station 
of the treatment facilities, ft. 



HEADl 



None 



INCLUDE ONLY ONE OF THE LEVEL 3 
TRKATMr.HT CAKUS 19 OR 20 IF 
ITRiiAT(3) LS NOT EQUAL TO 31 OR 
34 ON CARD 3. 

INCLUDE CARD 19 ONLY IF ITREAT(3) 
ON CARD 3 HAS THE VALUE OF 32 OR 33. 



'pumping rate is foi d single pi-ap. Dual pmping (tSTDUT - 5) doubles 
this rate when secnid pomp Is on. 

*'dSTOP muat equal or bo greater than the level in storage that contains 

enough volume to har.dU the pumping rate, QPUMP, for one time step. 
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table; 35. (CONT'D) 



C«rd 
group 



Fonn«t columni 



Description 



3F10.2 11-20 



21-30 



Variable Default 
acm« value 



19 Dlatolved air flotation data card*. 

215 1-S Chamlcal addition to the unit. ICHEM 

* 0, No chenical addition, 
> 1, Chenical addition. 
6-10 Chlorine addition to the unit. ICL2 

•• 0, No chlorine addition, 

■ 1, Chlorine addition. 

2 
Dealgn overflow rate, gal/day/ ft . 

(S, 000.0 auggcated) . 

Amount of flow recirculation, 
percent (15X suggested) . 

31-40 Depth of dissolved air flotation DEEP 
tanli, ft. 



OVRDAF None 



RECIRC None 



None 



20 



2F10.2 1-10 



11-20 



110 21-30 



INCLUDE CARD 20 IF ITREAT(3) - 35 
AND ISTOR - 1 ON CARD 3. 

Frlaary sedimentation tank cards. 

Primary sedimentation tank, overflow 
rate, gal/day/ft^ (1,000.0 suggested). 

Depth of sedimentation tank, ft 
(8.0 suggested) . 

Chlorine addition to unit. 

- 0, No chlorine addition, 

- 1, Chlorine addition. 



0\mSED 



SEDEP 



mm 



None 



None 



21 



INCLUDE CARD 21 ONLY IF ITREAT(4) 
43 ON CARD 3. 

High rate filter data cards. 
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TABLE 35. (CONT'D) 



Card Card 

group Format coluana 



Daacriptlon 



Variable Default 
ncne value 



no. 2 i-io 



110 11-20 



2ri0.2 21-30 



31-40 



Maxlmm operating rate sf the filter , 
gal/mln/ft^. 



Addition of chemicala. 

■ 0, No chemicala added, 

- 1, Chemicals added. 

Maximum design head lose of filter, 
ft. 

Maximum solids holding capeclty at 
maximum head and maximum flow rate, 
lb/ft2. 



OPRAMA 



ICHZMH 



HM 



SQH 



None 



None 



None 



22 



F10.2 1-10 



INCLUDE CARD 22 ONLY IF ITREAT(6) - 
62 ON CARD 3. 

Pump head for outflow lift station from HEAII2 
treatment facilities, ft. 

END OF TREATMENT CARDS. 



None 



23 Time for start of treatment-storage 

simulation. 

215 1-5 Hour of start , 24 hour clock. 

6-10 Minute of start, mln. 



KHOUR 
KHIN 








2« 



F10.2 1-10 



INCLUDE CARDS 24 THROUGH 26 ONLY 
IF ICOST - 1 ON CARD 4. 

ENR cost data. 

Amortization Interest rate for con- 
struction of treatment facilities, 
percent. 



2110 11-20 Amortization period, yr. 



RATEPC 



NYRS 



7.0 



25 
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TABLE 35. (CONT'D) 



Card 
group 



FonuC 



Card 
columna 



Variable 



DeacrlpClon 



Default 
value 



21-30 



F10.4 31-40 



Year of computer simulation (mlnlntum 
- 1970, maxiinuiii - 1980). 



MMDOYR 



ENR factor for the geographic location SITEP 
of treatment facilities. 



None 



iti 



^ EKR coat index for year and location. 

ailO I-IO ENR for 1970. 
U-20 ENR for 1971. 



lENR 

IENR(1} None 

IENR(2) None 



71-80 ENR for 1977. 



IENR(8) 



None 



21-30 



EMR for 1980. 



lEMRdl) Non« 



FIO.O 1-10 

F10.5 11-20 

3F10.2 21-30 

31-40 

41-50 



Unit cost data card. 
Unit cost of land, $/acre. 
Unit cost of power. $/KWH. 
Unit cost of chlorine, $/lb. 
Unit coBt of polymers, $/lb. 
Unit cost of ali-im, $/lb. 
END OF STORAGE SLC;.:'. CARDS 



UCLAND 


20000.0 


UCPOWR 


0.02 


UCCL2 


0.20 


UCPOLY 


1.25 


UCALUM 


0.03 



TABLE 36. STORAGE/TREATMENT VARIABLES 



Variable 
Nime 



Description 



Unit 



Variabla 
Name 



Daacriptlon 



unit 



AASURF 


C 


ADEPTH 


c 


sm. 




ALACST 




fdJMD 




AlAWDT 





MASC 

ALCSTT 

ALUHUU 
ALU HUT 
ANCETT 

ANHSC 

ANN TOT 

A02DT2 
APLAN 

AREAl 
AKEA2 



Surface area of natural reservoir 

Depth of reservoir 

Dummy variable 

ASEirtized coat of land required 

Area of land required for this 

equipment 

Total area of land required for the 

equipment 

Amortized cost of land required for 
screens 

Total amortized cost of land required 

Area of land required for screens 

Alum used for high rate filter 

C Total alum used 

Total amortized cost of installed 
equipment 

Ainortized cost of screens 

Total amortization coat including land 
and equipment 

C Volume of outflow per half tine-step 

C Land area requirement 

Surface area of man'made storage unit 
Surface area for preceding time-step 
Surface area for present time-step 



sq ft 
ft 

S/yr 
acres 



S/yr 
S/yr 



A REAMS 
ATERM 

BACK 
BASEA 

BASEC 

BASICM 

BCIF 

BCIFItf 

BCIFMX 

BCIFT 



lb 




lb 

S/yr 


BCIN 
BCINMN 


S/yr 


BCINHX 


S 


BCINT 


•q ft 
eq ft 


BOOF 
BCOPIW 


sq ft 


BCOFMX 


sq ft 


BCOFT 



M@^ 



Does not Include var iables added during updating. 
•Variable names shared in conunon blocks. 



C Submerged screen area aq ft/unit 

C Volume in storage plus outflow cf 

Back flow vol use >^ 

Base area of reservoir sq ft 

Base circuBiferenca of reservoir ^ 

Cost of aiiniiDum nalntenancp (no storn) $/yr 

BOD concentration of inflow sf}/L 

Hinimun BOD concentration of the inflow laq/L 

Maximum concentration of BOD of inflow ngA- 
to the whole model 

Accumulative total or arithmetic average ag/L 
of BOD concentration of the inflow to 
the whole model 

C BOD inflow rate to one treatment unit Ib/DT 

Minimum BOD concentration of the inflow "g/L 

Haximum BOD concentration of the inflow mg/L 

Accumulative total or arithmetic avera9e mg/L 

of BOD concentration of inflow to one 
treatment unit 

BOD concentration in the bypass (overflow) ag/L 

HiniBum BOD concentration of the bypaaa ^/L 
(overflow) 

Haximun BOD concentration of overflow ^A 

Accumulative total or average of BOD mqA- 
concentration of the overflow 

C BOD concentration of outflow from one mg/L 
treatment unit per time-«tap 



TABLE 36. (CONT'D) 



VarlabU 



C« 



D««crlptlon 



Unit 



Var labia 



Daacriptlon 



Unit 






Bcoorr 
ficotan 

BCOUHX 
BCOUS 

BCOtfT 

BCKEDU 
BCRL 

BCKUM 

BatLHX 

BCKLT 

BCRM 



BCRMW 


c 


Bcnta 


c 


BdWT 


c 



BCRHl 

BDkBR 
BDCIF 



BOD oonoantratlon of outflow 

Mlnlmm BOD ocncantratlon of tha 
outflow 

Haxlnum concentration of BOD of 
outflow 

BOD concentration in the outflow 
from scraena 

Accumulative total or eurithactic 
average of B(X> concentration of outflow 
fron one treatment level 

BOD concentration reduced 

BOD concentration of the releaaed 
flow per tine-step 

Minlaia BOD concentration of the 
releaaed flow 

MaxlJRuB BOD concentration of the 
releaaed flow 

Accuiulated total ox arithaietic average 
at BOD concentration of the released flow 

BOD concentration of the waate flews 
from individual treataent unit 



Hininum BOD concentration remved 

Maxiinia BOD concentration reaoved 

Accumilative total for arithmetic 
average of BOD concentration of the 
wasted flows fron one traataent unit 

BOD concentration of the waate flows 
froB Individual txaatM^tt unit 

Outfall BOO 

BOD ooncentxatlon of Inflgw (• BdF) 



■9/L 


BDCKL 


■g/L 






BDePTH 


ng/L 


BDIF 


Btg/L 


BDIFW 


mg/L 


BDIFT 




BDIH 


■g/L 


BDINFT 


■g/L 






BDIWT 


■g/L 






BDOF 


•g/L 


BDOFT 




BDOU 


■gA 






BDOUS 


niqA 


BDOUT 


■g/L 


BDRD 


■g/L 


BDRL 


»g/L 


BDRLT 




BDm 


■g/L 






BDRHT 



■g/L 



BDiMIT 



BOD concentration of released flow ■g/L 

- BCRL 

C Hater depth m 

C Total BOD In the inflow to the whole 

nodal lb 

Fraction of BOD removed to BOD flowing 
into iriiole podel 

Accumilative total BOD of the inflow ih 

C BOD inflow rate to one Tireatnent unit Ib/DT 

Fraction of BOD reuved to BOD flowing 
into each treatment unit 

C Accumulative total BOD flow intu one 

treatment unit }J^ 

BOD rate in bypassed waste flows Ib/OT 

Accumulative total BOD in the overflows lb 

C BOD outflow rate Ib/DT 

BOD outflow rate from screens Ib/DT 

C Accumulative total BOD flow out of one 

treatment urvt lb 

BOD reduction, percentage '| 

C BOD released per time-step Ib/PT 

Accuailative total BOD releaaed from 

the whole model ib 

C BOD removal per time ^a tap IJb/OT 

C Accumulative total BOD reanrval by one 

treatment unit Xb 

Accuailatlve total BOD removed by the lli 
whole model 



TABLE 36. (CONT'D) 



Vari&ble 
Nane 



Daacriptlon 



Unit 



Variable 
Naae 



C« 



Daacrlptlon 



OAiC 






BDRS 

BDRST 

BIO 

BHSC 

BODCOT 

BOOXH 

BODOUT 

BREFF 

BREFTH 

BR£PP2 

Bsiorr 

BE TOR 
BYPASS 

CWCST 
CAP MS 
CWSC 

CAP ST 
CAPTOT 

CAPUCL 
OCIF 

ccinM 



BOO rewoved by screens per time-step 

Total BOD renoved by screens 
C Initialising number, (10^^) 

Basic maintendncc cost of fine acreena 

BOD outflow qontentration 
C BOD inflow rata (pollutograph) 
C BOD outflow 

BOD removal efficiency 

C BOD reaoval efficiency of high rata 
filter 

BOD r«K>val efficiency 

Total ninlBiat naintenance cost 

C Storage 

Name of «ubroutine 

Capital cost of installed equipment 

Capacity per mlcrostrainei' unit 

Capital coat of screens 

Capital cost for five screens 

Total capital costs including land 
and equipment 

Dosing rate per trickling filter unit 

Colifomi conc«ntxation of inflow to 
whole model 

Hinimun coliform concentration of the 
inflow 



ib/DT 

S /storm 

mg/L 

Ib/DT 

lb 



cf 

$ 

mgd 

t 

» 

$ 

lb/day 
KPN/ 100 ml 

MPN/100 ml 



CCIFMX 
CCIFT 

CCIM 

CCINMN 
OCINMX 

CCINT 

CCDF 
CC0FM4 

CCDFia 

CCOFT 

CCOV 

coouw 

OCOOMX 
COOSJT 
CCW. 
CCRUW 



Hoximum coliform concentration of inflow WN/100 ml 

AccuBilative total for arithmetic aver- im/lOO ml 
age of colifors concentration of Inflow 

Conform concentxaticm of the Inflow WN/lOO ml 

Va one treatment unit 

HinlBum colifom concentration of th« MPN/lOO ml 

inflow to one unit 

HAxlmuB coliform concentration of the MFM/IOO ml 

inflow to one unit 

Accumulative total or arithmetic HFK/lOO ml 

average of coliform concentration of 
the inflow to one treatment lewl 

Coliform concentration in the overflow NPN/100 ml 

KPN/100 ml 



Hinimum coliform concentration of the 
overflow 

Maxi»n»i coliform concentration of KM/100 ml 

overflow 

Accumulative total for arithmetic 

average of coliform concentration MPM/100 ml 

of the overflow 

Coliform concentration of the outflow KPH/100 ml 

during one time-step 

Minimum coliform concentration of the WN/100 ml 

outflows 

Haximm coliform concentration of the MFM/IOO ml 

outflow 

Accumulative total for arithmetic ever- KPH/100 ml 
age of the outflow coliform ooncentxation 

Coliform concentration of the released HPM/100 ml 
flcM per time-step 



Kinimm coliform concentration of the 
released flow 



WM/lOO ml 



TABLE 36. (CONT'D) 



Vu labia 



Daacrlptlon 



Unit 



Varlafala 



Daacrlptlon 



Unit 



ON 

-J 



CCRLHX 
CC1II.T 

CDftOUT 

cysor 
crsTR 

crsTRi 

(XODtT 
CMCSTT 
CHEIItl 

OiEHUH 

CHEMUT 

ClACST 

CLAND 

ClASC 

CLCSTT 

CL2CST 

CL3DEM 

CL3U 

CUOC 

CL2tfr 



MaxlaniB collforB coocantTation of 
tha ralaaaad flow 

Acciwulatlva total or arlthaMtio 
avaraga of coll for* concentration 
of ttia raleaaed flow 

Outlat orifice area tlMa dlacharga 
coeff Iclant 

Overflow rate for aicroatrainar 

Internal bypaaa flow traatad by 
micros trainer 

Effluent flow froB aicroatralnar 

Chaalcal coat, par procaaa 

Total chanlcal coata 

Ch^acal uae par tlaa-atap and pro- 
caaa 

Cha»ical uaed for hiqh rate filter 

Total chaaicala uae per tinit 

Capital cost of land required 

Cost of lands 

Cost of land for acreena 

Total capital coat of land requi 

Coat of chlorine used 

Chlorine deaand 

Chlorine used per tiae-stap 

C3ilorina uaed 
Total chlorine used 



NPM/lOO mX CL20TT 
COARK 



MPH/100 Ml 



■q ft 



CXJCIP 



COCRL 



cfa 


coir 


C 


cfs 


ODIFRP 




cfs 


COIPT 




$/atoia 


OOIH 




$/stoi« 






lb 


COIMRF 




111 


COINT 




lb 


OOLCOT 




$ 


COLIPT 




S 


00 LIN 


C 


$ 


COLOUT 


C 


s 


COVER 


c 


$/stoni 


COHWJL 




■g/L 


COOP 




lb 






lb/day 


COOPT 




lb/day 







Total chlorine uaed for whole Bodel 

Outfall collforw 

Collfora concentration of inflow 
(• CCIP) 

Collfora concentration of releaaed 
flow (- CCKL) 

Collfora Inflow rata for Storage Nodal 

Praction of collfora rcaoved to ooli- 
fora flowing Into tha whole aodel 

AccuBulatlve total collfora 
inflow 



Collfora Inflow rate to one treat 
unit 



ent 



CDOU 



Praction of collfora reaoved to coll- 
fora flawing Into each treataant unit 

Accuaulative total collfora flcMlng into 
one treataant unit 

Collfora outflow 

Total collfora flowing into whole aodel 

Collfora Inflow rate (pol lutoqr aph ) 

Collfora outflow 

Conversion factor 10 /dt aac Iba/cf 

Voltve of contact tank 

Huatier of oolifora per tiae-atep in 
the overflow 

Accuaalative total collfora in the 
overflow 

Oolifora outflow froa one treataant 
unit per tlita-stap 



lb 
HPN 
HPM/lOO al 

KPN/ 100 Sd 

KPN/DT 

ma 

HFM/CT 

KPN 

KPM/100 al 

HPN 
HPH/DT 
KPN/DT 
ag/L/lb/cfs 

,,rf, 
MPN/DT 

KPM/Or 



TABLE 36. (CONT'D) 



Variable 



Deacclption 



Unit 



Variable 



C* 



Daacrlptlon 



Unit 



CXWUT 





CORD 






CORL 


C 




COM.T 






CORM 






oomrr 






COTSLO 




C7\ 

CO 


CPACRE 
CPCSTT 


c 




CPCUYD 


c 




CP8 


c 



CRT 




CSTOR 


c 


CTDTAL 


c 


CUMIN 


c 


CUMOOT 


c 



C2CSTT 

DBQD 

DDE Pro 



Accuaulative total coliforw flowing out 
of on* trcatncnt unit 

ColifOTSi reduction, percentage 

Colifora released per tigM-itep 

Accumlative tot«l colifom releaaad 

Colifoni reaoved troa treatwent 

Accugulative total colifom reaovad by one 
treatment unit 

Oontangent of aide slope angle 

Coat per acre of land 

Total capital cost of installed aquipnent 

Unit cost of excavation 

Capital cost of punp station for storage 

Coaiputational variable for CRF 

Capital recovery factor 

Cost of storage 

Total cost 

emulative inflow since st«rt of 

simulation 

CiBiulative outflow since start of 

siBulation 

Total chlorine cost 

Dissolved BOD 

Depth increment of storage reservoirs 

Depth of air flotation tank 



MPN 


DBPMUC 




DEPTH 


t 






DEPTHL 


MPN/DT 






DEPTH2 


MPN 






DESr 


MPN/DT 






DETENT 


MPN 






DETHIH 




DS 


$/acre 


DSTAWT 


s 


DSTOP 


S/cy 


DSTP 


S 


nSTRT 




DSl 




DT 


$ 


I/IWOHE 


S 






ETON 


cf 






DTPOMP 


cf 


DT2 




DUM 


$/stor* 






DUMDEP 


lb 


DUHSTR 


ft 


DUMTRM 


ft 


DUHA03 



C Naxima allowable depth in reservoir 
C Hater depth 

Depth for previous tlne-stap 

Depth of storage unit 
C Design flow fraction of --»<—■- flow 
C Detention tine 

Detention time 

Suspended solids reooved in the filter 
C Reservoir depth at start of pisiping 
C Reservoir depth at end of pvmping 

Depth at which pua^s start up 

Depth at which puii^s start up 

Suspended solids stored in the filter 

Tisie-step interval 



Additional tim«-step required to pu^p 
wet well down 

Huinber of time-steps pumping occurred 

Ounny variable 

Half time-step interval 

Increment of arriving flow rate 

Storage depth 

Storage capacity 

Routing parameter (- at^rm) 



Tern in Routing par2MKter (- o fit/2) 



ft 
ft 
ft 
ft 

sec 

min 

Ib/DT 

ft 

et 

ft 
ft 

Ib/DT 
min, sec 



n 

of 
ef 

cf 



TABLE 36. (CONT'D) 



var labia 



Var labia 



C* 



DaaorlptloB 



Onlt 



Daacrlptlon 



(telt 



PVll 






nCTOM 
nUEAB 

ms 

PCH 

PMC 

mOHT 

FR2ST 



» 




R 




HCL 




KEADl 


C 


HEAD2 


C 


HIGHRF 




HH 


c 


HO 




HRFD 


c 


Hi 




% 





Pazawtar Indicating tnral labia atoraga 
unit 

nm ooat InOax tor yaar and looatlon 



rractlwt of dtaalcal dosing flow rata 
to totAl flow rata ot traatawnt unit 

Intagar tor unit coovaralon 

Facia araa of bar acraans 

Factor for alcroa trainer 

Fraction of tlaa-atap piapad 

Fraction of an In f lav plug 

Oo^utatlonal variabl* for pluq flow 

Fraction of totals anterlng atoraga unit 

Flow rata through mlcroatralner 

Uaad ovar wair 

Haad loaa through filter (HIGH) 

Head loaa thru filter due to aollda load 

Ptac> haad for inlet lift atatlon 

Pui^ head for outlet lift atatlon 

Naaa of aubroutine 

MaxiJUB daaign head loaa 

Operation haad loaa through aand of flltara ft 

Multiplier for nunbar of backwaah itara- 
tiona for high rate filter* 





lA 






ICHEH 


C 




XCHEHH 


. c 




ICL2 


c 




rcosT 


c 


I ft 


lENR 
IMTERP 






IPOL 


c 




IPRIHT 


c 




IRHtOE 


c 


i/ft" 


ISPMH 
ISTBUP 


c 




ISTEXS 






ISTIHP 






ismoD 


c 




ISTOR 


c 




ISTOWT 


c 






c 




ItABLE 


c 



Head over weir 
Bookkaaplng integer 



ft 



ITHEAT 
ITRlOO 



Bookkaaplng intaqar 

Indicator noting if chamicala are added 

Indicator noting if chamical* are added 
to tha high rata filter (a) 

Indicator for chlorine addition 

Indicator for coat conpllatlon and 

ENK Index 

Haaie of aubroutine 

Pollution control paraaatar 

Print control paraaater 

Paraaater indicating if quantity ranges 
are suaaarized 

Print control paraaeter 

Indicator of back up effect 

Indicator for excess flow handling 

Indicator for nonnodel inflow devices 

Indicator for storage node 

Indicator Cor separate storage nodeling 

Indicator for outlet type 

Indicator Cor type storage structure 

Indicator paraaeter for suiawirising 
inflows and outflows in table fom 

Indicator of illegal combination of 
treataent 

Treatnent paraaeter 

ITREAT X 100 



TABLE 36. (CONT'D) 



VtelAl* 



Iptlc 



Obit 



Varl*l« 



■crlptlAB 



Dklt 



O 



J 

■m 
■m 

jp 

m.. 

ai 

m 
m. 

J7 



Tltl* para 

C Saaa •■ J 

C Outfall •!• 
by fll* 



farivd 



KIIX 



nam 



C Prlat oontml ocawfr 

C MiMkar of fint lnl«t piaqm la OMtflalr 

C Oatf all »rtmr foUttax d— l^>t<wg 

Vaclitala indlcatljig If bur radw ur« 
«*«d, laval 1 

VMriabl* Indlcatijig It pwvlng Lb «a*d, 
Inral 2 

Typs «t prlaaxy traataant, laval 3 

Typa of aaooDdary traataant, la««l 4 

Vadabla ladlcating if tbaia axa af fln- 
aat arriMi, l«««i 5 

Variabla liadlcaUng if than la an affln- 
ant pttiv atatlon, laval 6 



■mm of aiAzotttljia 

Do loop nnnafar 
C mnata darlitg alBalatioa 
C iwi l rlr aa iiliiB i«ba9aT for bdAH* aiaa 

Hu*ar of lllagal traatt«nt eoi 



rarMNtar Ijtdlcatljig 1 aaiHlaabla traat- 
■ant OBi^laatloaa 



KT 



nuii 

L: 



Variabla Lndicatiaii if ttaaia ara chloriaa 
c o n ta c t tanka, laval 7 



■nnlraafliig iota9ar for laval of traat 



LP 
LPKV 

LX 



Backwaah tlaa'Stap nuabar 

■uibar of jaara froa 1969 to tha daalrad 
yaar of tha Bm ooat Indaz 

Intaipolation warning flag 

C Hoar «t dagr dorlnci aiaulatloa 



br 



C NuBibar of tlaaa thora la atoraga ovarflow 
Islat plug noriaar 

taraaatar Indicating rtaalyi flow too larga 
Dd loop ▼ariabla danoting run iuM>ar 
Cklaadar yair 

C Do loop oouofear for laval of traataant 

C A labal no^wr 

C Hii^bar of laat lalat plog in ootflow 

C LP for pnvloaa tlaa atap 

Variabla ablch litdicatas typa and lavai 
of traataant 

t>o loop oooBtar 

Salactad hour of aiaulatloa abaa con- 
t^inanta laimli ara coi^wtad 

Do loop oountar 

Salactad alnuta of alBilatloB idian 
oontaniaanta i^mii ura ccaqputad 

Do loop oDuntar 
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Vuli^la 



Moocn 

MODBIZ 
NDI7YK 






wriMi 



Da«crlpti.ao 



Unit 



Variabl* 



C« 



C Ctaat of ■odul* 
C Trsataant Bodul* •!>• 
V*ar of dasirad DIR 

Do loop oountar 
C lUaa of th* tr»it— nt option 

TiB*-at«tp coMiutatlon varlabl* 
C Mi^Mr of ttaa-atcpa 

Nuabar tt timm-atMpm for badntuh 



Daacxlption 



O^t 



of hlqh rata filter unita In 
•van laiiribara 

Indicator of Ina^ilaaUbla traataant 
ceHblnation or tlaa-atap langth 

Tlna-atap when pollution raAidion 
caieulatlona will ba aada 

HuBbar of Bicroitrainar units 

Counter for plug flow 

Nuobar of illaq«l coablnatiooa 

■luitiar of InadvlHble en^inatlona 

An illagal coabination pair 

Moabar of alaiwnta 

■oMiar of affluent ecreena 

Muaber of traataant aoAila unit 

Murifter of outfalla Izxm tranaport Black 

■tt^er of pollutanta 

■a^>ar of diftar«it tzaataant 



t 

-9d 



vacm 

NSBD 

MSTIH 

NSTOOr 

HUE 

NtJNITC 

HUHITH 

NYKAR 

MYRS 

or ACT 
0P1W 

oFmun 

OTCSTT 
OTHCST 
OTHSC 

ovnm 

OVHDAF 
OVSSEO 

PBDOr 



C Htabar of acraena 

C Htaber of aadlaantation tanka uaed 

Input file nuabar 

Output file vuabux 

Huifcar of the qpatraaa aleaant 

NuiriMr of doalng unite 
C Hiadtar of high rate filter >inlte 

OuB^r ▼ariabl* 

Jheortisation period* 



years 



VCIJIM 



Fraction of overflov rate to total Inflow 

Operating flow rate of high rate filter gp^aq ft 

MaiJM operating rate for high rate gp^sq ft 
filter 

Total Klaoallaneoua cost for the a ton $/a«ora 

Store coats excluding chaailcal coat $/Btom 

Hon-chaeical atcre coats for Cine screens $/storB 

Overflow rata gpd/aq ft 

Dealgn overflow rate gpd/aq ft 

Daaign overflow rate of sedljeantation gpd/eq ft 
tank 

Pounds of BOO overflowing out of lb 

Klcroa trainer 

Pounda of BOO treated by Bicroetralnar lb 

Chlorine denand rata Ui/d«jr 



TABLE 36. (CONT'D) 



Varl«bla 



C* 



Description 



ttiit 



VarlabU 



Dsscrlptlon 



Unit 



PCX2ia 

POLL 
PSSOP 

PSSTR 
PUMPOV 



(^sn 


C 


QDSMCD 




m 


c 


QINSTL 


c 


QKILL 




QH3D 


c 


^fiKt".' 


c 


(]OHUC 


c 


QOOS 






c 


QOUSTL 


c 



Chlorlnmtor ciqwclty r«quir«d 

Haa* of aubroutlaa 

C Pollutanta 

Pounds of SS overflowing out of alcro- 
• trclnar 

Pounda of SS traated by Blcroatralnar 

Voltaaa puqpad paz tlaa-atap 



Matar flowrata 

Avaraga flew rata of Inflow and outflow 

QQIF * QQRL 
3 ' 
Daaign through flow rata for traataant 
package 

Daaign through flow rate for treataent 
package 

Meter inflow rata (hydrograph) 

Inflow rata to storage for prevloua 
tiae-stap 

Disinfectant dosage flow rate 

Design capacity for treataent aoAile 

Outfall flows fna TRUtS 

Maxijsta outflow froa storage unit 

Effluent flow rate froa screena 

Outflow rate froa storage unit 

Outflow rate for prevloua tiae-atep 

Outflow rate froa atorage unit 



lb/day goUTO 

QPUKP 



lb 

lb 

cf 

agd 
cfs 

cfs 

agd 

cfs 

cfs 
cfs 
agd 
cfs 
cfs 
cfs 
cfs 
cfs 
cfa 



QQAIW 

QQESUH 

«JIP 

QQintI 

ogiPHx 

QQIH 
QQIHIW 

gQINMX 

QQOF 
QQOIMI 

Qgonu 

QQOPR 
QQOFT 
QQOU 
QDOUH 

ggouMx 
QQOUS 



C Initial outflow rata cfs 

C Constant punp at outflow rate cfs 

C Arrival flow rata cfs 

Module capacity of effluent screens agd/unit 

C Hater arrival rate to aodel cfa 

Total Inflow rate to whol* model cfs 

HininiB Inflow rate ^.f, 

C Haxiaun arrival rate of flow froa 

TRANS cfs 

C Inflow rate of one txsataent unit cfs 

Miniaia inflow rate for a traataant cfs 
unit 

Maxiaia inflow rate for a treataent unit cfs 

Total inflow rate to one unit cfa 

Overflow rate cfa 

Miniaiai overflow rats cfa 

Haiclaia overflow rate cfs 

Aaount of overflow froa storage unit cfe 

Total overflow rate cfs 

C Outflow rata cfs 

C Miniaia outflow rate cfa 

C Majtiasas outflow rate cfs 

Effluent flow rate froa screens cfs 
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Varlabla 



Daaerlptloa 



Utalt 



Vwlabl* 



Daacrlptloii 



Unit 



QQOOT 

QQHL 

QQIILKN 
gQRUtt 
QQKLT 



*4 



QORM 


c 


Qcmrn 


c 


QCMff 


c 


QQBS 




QMT 
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RATEPC 
RIJP 

III LP 

BEdK 



Jkecinul«ti.T« tot«l outflow rat* for 
arltllaBtlo avar«g« 

Effluent froB traatasnt plus hypaau 
flow xata 

HlninuB flow zat« froB tf*«tB*nt unlt« 
and bypka* lin* 

MaxlnuH flow rat* ralaaaad froa traat- 
aeot and taypaaa Una 

AccuailatiT* flow rata froa txaataant 
unlta and bypaaa Una 

BsBoval flow rata 

HlnlniB raaoval flow rata 

AccoHtlatlva raanval flow rata by ona 
trail- Bant atap 

Wlt^ rcBoved by acreana 

Batio of daaign flow to aax. flow froa 
froa atoraga unit 

Capacity of high rata flltar per unit agd 

Intaraat rata for aaortixatlon t 

Tlaa-atap nu^iar 
Tiaa-atap 
Tlaa-atap »«-*—'• 
C Haclrculation flow % 

■r of tiaa-atap <- KDT) 
•r tiaa-atapa adiata ona 



SS hald In bl^ rata filtaxa Ih/aq ft 

BOD In atoraga unit lb 

Avaraga BOD coacantratlon in tha atoraga ag/I. 

fiS concentration of tha tnfluant ag/L 

Minima SS concantratlon in tha influent mgA- 

MaxlMia SS concantraton of tha influent ng/L 

kccunulativa total or arithmetic average ug/L 
of SS concentration of the influent 

SS concentration of the inflow to one mg/L 
treataant unit 

HlnlBia SS concentration of the inflow AQ/L 

KaxiaiB SS concentration of the inflow ag/L 

Accumlative total for azithaetic average agA> 
of SS concentration of tha inflow to one 
treataent level 

SS concentration In the overflow ag/L 

HlniatB SS concentration in the overflow ng/L 

Ma» iaiB SS concentration of overflow ag/L 

AccuHilativa total for arltfaaetic average ag/L 
of SS concentration of overflow 

ColifOra in atarag* unit kph 

Oolifoza concentration in storage unit HFN/100 al 

Oitf low SS concentration ag/L 

M ln JM B SS concentration of the outflow agA 



eta 


s 


C 




SBOD 


c 


efs 


SBODC 




cfa 


Bcir 




cf 


SCIFW 

Bcina 




cfa 


SCIFT 




cfa 








SCIM 


c 


cfa 






cfa 


SCINMI 
SCIIMX 




cfa 


SCIHT 





SOOF 
SCDFMH 
SCOFMX 
SCOTT 

SCOL 
SOOLC 

sayo 

SCOIMI 



c 

c 
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Vulabl* 



VulibU 



Iptlan 



Obit 



btscrlption 



Dull 



6O0DS 



SCOOT 






SCSL 



SCSLMI 



Booja 



SCILT 



SdOl 



SC3IM1 

SUA 

SEDEP 

SEDIM 

SECHUH 

SITEF 



SOUM) 


C 


SCfMR 


c 


SCHKT 


c 



C ll »ri— oonrMntrstlon of SS of ontfloir 
55 oonoantrAtlon In th* outflov froa 



Aooiwulatiw* total for aritliBatlc avwraga 
of SS conosntration In outfloM of «n« 
tE«aa«nt lanl 

Capacity per aoraca 

Area of tine acraen 

SS ooncentratlon of tha xeleaaad flow 
per tlae-atep 

MiniBtiai SS concentration of tha ralcaaed 
flow 

Haxlaim SS conoentration In the releaaad 
flow 

AccuMilative total for arithaetic average 
of SS concancration of tha releaaad flow 

SS concentration of the waate flow froa a 
treataent unit 

Hinlnun SS concentration in ronoval flow 

Maxima 55 concentration reaoval flow 

Acci^ulatlve total for arlthaetic average 
of SS concentration of the raaoval flow by 
one traataant level 

55 raaond by aicroa trainer 

Surface area of aediaantation tank 

Sediaantation tanX depth 

Name of aubroutlne 

NuiA>er of aediaentaticn tanka naquirad 

An mR factor for geographic location 
of Bite 



■BA 


SLOW) 


■gA 


SOOT 


■gA 


8PRIHT 
SUM 


cfa 


SREF? 


sq ft 


SRCrPH 


agA 


SREFFl 


ag/L 


SISFF2 


■9A 


SROUTE 
SSASS 


■g/L 


SSCIP 


■g/L 


SSCOUT 


ag/L 


SSCSL 


agA 


SSIF 


agA 


SSIFDF 



agA 
aq ft 

ft 



Solida loading on a ere ana Ib/ain/aq ft 

Voluaa out of plug flow cf. 

Naae of aubroutlne 

Haxlauat aolida holding capacity at Ih/aq ft 
•axiBW head and aaxiam flow rate 

SS removal efficiency 

SS reaoval efficiency of high rate 
filter 

Same as SREFFH 

Saae aa SRSFPH 

Haaa of aubroutlne 

SS arrival rata Ib/DT 

SS concentration of inflow to the w.'.ule ngA 

Bodel <- SSIF) 

5S outflow concentration mgA 

SS concentration of releaaed flow 
{•= SSRL) 

SS inflow lattf (atoiage) Ib/DT 

Fraction of SS removed to SS flowinc) In CO 
the whole aodel 

Accunulative total SS in the inflow lb 

to the whole aodel 

SS in flow rate of one traatinent level Ib/DT 

Fraction of SS renoved to SS flowing 
into each treataent level 

AccuBilatlve total SS flow into treat- lb 

aent level 

SS flow rate in overflow Ib/DT 



SSIfT 

SSIM 
SSINSF 

SSIMT 

SSOF 
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Variable 



C« 



Oascrlptlon 



Unit 



Variable 



Daacription 



Dnlt 






ssorr 

ssou 

ssous 

SSOUT 

5SRD 

SSRL 

SSRLT 

SSRH 

SSRHT 

SSBMTT 

SSRS 

SSBST 

S5S 

SSSC 

STMTOT 
STOR 

stork; 

STOBOV 

STORHI 

5TORL 

STORLO 

STORMZ 

STOR8 



AccuMllatlv* total SS in tha outflow 

froB tt>a whol« incidal lb 

C SS outflow rate lb/ITT 

SS outflow rate fro* screens Ib/UI 

C AccuBulative total SS outflow froa 

one treatJKnt level lb 

SS reduction, percentage It 

C SS released per tine-atep Ib/DT 

Total SS released to the t4iole model lb 

C SS r^Ktved per time-step Ib/ul' 

C Accuailative total SS removed from lb 
each unit 

Total SS renoval frcm the whole aodel lb 

SS reaovad by ecreens Ib/OT 

AccuBilativa total SS reaoved by acreena lb 

C SS in the atora9e unit lb 

|>y«ir«g« SS concentration in the atoraga 

'mm. ag/L 

Total atora coata Including chaaical and $ 
othara 

C Hater In atoraga (^ 

Haaa of subroutine '^^ 

kiffar voluaa of atoraige for puapinq 

Staraqa voltna at pu^ starting laval cf 

C Hater in storage at previous tlas-atap cf 

C Storage voluee at pui^ stop leral i^ 

C Wa¥<Mie atorage capacity ig| 

Water atorad per tlaa-atep JiC 



STORO 

STOT 

STRKGK 

STROAT 

SUAREA 

SUM 

SUSIM 

SUSODT 

SI 



TCHZH 

TERM 

TIIE 

TI1C2H 

TITU 

TOTCST 



rtmxr 

TUBA 



C Initial atorage 

Total voluBK of outflow plugA 
Naae of subroutine 
Maee of subroutine 

C "iiiliwiii iji i1 area 

Stai of the inflow voliaae 
C SS inflow rats (pollutograph) 
C SS outflow 

S'5 hel^l in hi>ih- mte filtem 

Total chemical uaed 

At 
Tar« in routing aquation, S + O ~ 

Tiae of tlae-*tep 

Tiaa aince start of Inflow 

Title on input file 
C Duaay variable 

Kaaa of subroutine 

MasM of subroutine 

■aae of aubroutiiie 
-C Total area of baaln 

tUna of subroutine 

Haw of ai^rrwitlne 

total output of n 



tm 



■q ft 

Ib/CT 
Ib/EJT 

cf 

sec 
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VarlAl* 






Tsom 

TZEBO 

UMEAH 

VCCLJ 

DCLMn} 

UCUM 

OCKM,T 

UCPOm 

UNESH 

UMBSNO 

VIKX 

VDKK 

VDUXM 

VOLDftP 

MDLZN 

vouxn 

VOLOOZ 
VOLSED 

miF 
mipRp 

MAIR 



DMorlption 



Obit 



VMiabl* 



C fttal BurfMia ar** 

Timt of start of atoxv 

C High rata f lltar araa par unit 
Unit OMt of clilorliM 
Onlt ooat of land 
Halt ooat of aim 
Unit cost of polyasra 
Obit ooat of power 
Daalgn flow/100 
Dasign flow for affluant acraans 

Inflow vDliaa par tiMa-atep (- VOLIM) 
Outflow volme par tlaa~atep (■ VDLOIR) 
C WQlwM of contact tank 
C VdluBM of diSBolvad air flotation tank 
C Inf lca4torater voluae par tlaa-ttep 
C cXitfloH water voluae par tiaa-step 

Ha tar outflow per tiae-atap 
C Vpltva of sediaantation tank 

Total water inflow per tiae-etep 

Fraction of water xvaowad to water Inflow 
of the whole aodal 

AcouHilative total inflijw voluae to 
the whole nodal 

C Hatar inflow to one traataant level 



■q ft 

sac 

■q ft 

»/lb 

l/acra 

«/lb 
$/KWH 
cfs/100 

Cf B 

Cf 

Cf 

cf 
cf 
cf 
cf 
cf 
cf 

cf/OT 

cf 
Cf/DT 



taUHT 

moF 

mOFT 

mou 

HAOUT 

NMtL 

WUU.T 

HUIH 

HARIir 

iOURS 

WABST 

tOlHWT 

MEIRHT 

HEin. 

HEIRQ 

Y 

YE 

X 

XE 



Dascriptloo 



ttalt 



C 

c 



Fraction of watar reaovad to water 
flowing into each traataant level 

Accwailativa total Inflow voluae to one 
treataent level 

Voliae of overflow per tlae-stap 

Total outflow voliae froa the whole aodal 

Water voluae frca one traataant unit 

Accu«jlative total water flowing out one 
treataent level 

VoliaM of water raleaaed per ti^-atep 

Total watar raleaaed 

Hater reaoved 

Total water reaoved by one treat^nt le««l 

Hater renoved by fine acreena 

Total water reaoved by screen 

Total volisne of water renoved froa tbe 
whole model 

Reservoir depth when surface at weir 

elevation 

Heir length 

Outflow through fixed weir by gravity 

Data array nial>er 

Output value 

Data array ni^ber 
Input value 



cf 

cf/OT 
cf 

cf/Orr 
cf 

cf 
cf 
cf 
cf 

Cf/DT 
cf 
cf 

ft 

ft 

cfs/ft 



TABLE 37. STORAGE SAMPLE INPUT DATA 
(Corresponds to Output in 
Tables 38 to k3) 



(2! I 1.0 

(3) i I'i ^1 51 'if> 'il hi IP 

('T) ^ 1 I I 

(6) 'I (^'l.ij c^.oS 

(7) .OH-3 .i7 .„iJ4 ,i? .oi .1 ^ .uei .iM 
(C 1 5 .« 

(9) I I 

(10) i"!. 

(12) lOD. iS. li 

(14) ?i. 10. 

(16) ... u. 

(17) 2*. 
(23) 

(2A) 7.0 5S jw/s 1.0 

(25) 11^0 \?nn i>mo is/o i*i«(i ivrto ^mo ^;'H( 

(2S) 2«in ;»s7(i ^700 

(2e) 5u()o. ,05 .w 1.^0 .o^i 
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TABLE 38. CONTROL INFORMATION PASSED FROM TRANSPORT BLOCK 



mill'UI f <UIM fUlfNAI STHHAGt /TIU A (Mf Nf HUhMS 






NUHHtR lif WIIN.S_ __^ *_ 

IInF-STtH SIZF * 

IKnUMAHT *Wfj& = 

Nn. IHAN3P. Hnl>. 0U1F*LLS ' 
NO. (IF PlILLIMANTS » 

IMF 7.mo = 



S,«0 MJN, 

51?. ^0 *t^ts 

_j _ ' 
5 

isfloD.o sec 



TABLE 39. OUTPUT OF SUBROUTINE TRIDT 



U\IN ML). I 
INPUT 1>«TA ftlH IHCtlHfKl t'A(,K*r.f FIULUKS 



LfvrL M)ii)t PPIICF-SS 






01 


lU M.H. tlW Sh.L. 




1 


It 


ItAR HACKS AND 








SmUL tllhCrNlHAII'H 




•> 


?i 




(HtPASS) 


J 


31 




(HTf ASS) 


a 


«;> 


MILWUSTPAINERS 




<, 


SI 




(fttPAsS) 


6 


7? 




tPYPASS) 


r 


tOhfACT l*WK 





IPPINT = ?, ICOSI = i, IWACiGf. = 1, llAHir r I 



-J 

VD l>E3ir..< STORM IISK). IRhAIMFNT CAHAtlir HILL HE StLtCItll TO SUIT. 

f= l.ncKi UMtS I'Airimiw AttHlvAl PATF Of ll«.S'4 tfS.) ^ _ 

HFSlr.Hi fLdW [S THlHtFOHt TNIXfA":)! lU NEXT LAKGfST MnOULf SIZf 

tnjUSTFn riESTr.N Fl.nWRAIf = Mh.n? CFS., = 7S.0n *.(GrJ. ■'"" 

' CH*B*rTf PISTK.S OF STfiRA(,f (jM t Al-F "" ' 

(HITLt I IlTPt = ^ ^^ _ ^__ 

— " " sTHRstF" PTirsF =1 • ;; "■ ' .... „... _,, ,-.. 

■ SIOHAGf irCE = 4 ' 

IPOL = 1. PRIM cnNfHriL (iSPk)W) - 1 

MA.J-MAUE HhStPVUIH, hITH MA*. KEPIH = PS. 00 FT,, ^,^HI CMAWAF 1FHIKI IL.S 

■ "rt*sr HiTh s ion. su.Ft., rasT t li'i iii-F. = V, . i- i . , Cdi ( 3 [uf si I'f'L ) - l.iiytUKi 

HC-SFHVOIH lllllLtr (CrNTRdL Hi I.WAVIlt HIM tlKfl) t.FIK 
■ •■ wH" *ifH.H( = ?-5.{10 FT, f.F [P If^f.rH = I (1 . iW. FT, M i ^iKj.Ofi !5f |. . (fR'l^^ INPUT HyflPlK.H APd) 

l)fPrH(M) SI(iRUI).Fl) l)t^■TH(H) STliHjLI'.FTl ntfltUFl) SUIR(Ht.Fl) I)IPTH(FT) 3 I n H ( C tl . f I ) 

O.O (I, 7.*,? I7'>'>. 15. n Sr.flH. ,>^.00 M*;S7. 

.^,.. ^... -,^.-^.- .,-- pa.-n i?fiflf. ?h.7\ MihO. ?s.ui) n'i^7. ' "" ■ 

IMF Ifii SFIS OF II SHiRAKF M«l. AMI- I f <-S , F ni' HI = idii.ono SK. . , AH(- , , 

ArPHK.. (1. n**";. n^-dR. I1SS7. i;>Sfl(i. l"?!"'. I^^lw. l**/)?. ^I'tl'l. '.■tSTi. ^7ShS. 

Aivor,'.. II. n. (I, (1. ihS. ?\si. S'^hti. (.tii^. ns?t'. ii^ii. iti^'. 

A5SIJM( 1.1 lltJl f rfif.T ()■ >C*v AT l(if,, l|r>|[ii., IK.) =^(>.oO t/(ii.>tv. 



"PRTTlF^ISfret TPFATflFNT PY MFTHAf- T( Al L r l I F at ri' TAh hAi^f, fL^vFL \) 
NIP«Hiii.^ilF GCWtFys = , ? . , 

SIIH'-tf.Hl.t |1 Af(M = I'-'.l'J ?t'.ll. (I'l h'CHDniM AK 111 lut Hl'/.l 



TABLE ^0. OUTPUT OF SUBROUTINE STRDAT 



FACE *I'F S Uf MAPS - ^7.07 SI;, FT, 

TRE*|wrNl HY SwIML CHMf f MKAI'SK UtVEt 1) 



HI A«tf itH = ^u.o » t , 



? 


O.O'lJ CM 


5 


0.0*0 CM 


4 


0.»?1 c 



« OIFFtHfNT PAKIICAL St^FS 
NC)iP»l*l PSt/E f'CE^'f 

I O.OBb CM J7.on » 

M . n (1 X 
IH.fiC I 

_^ - ■ . .. l^f^^f^^^ (,Y r.)4AV|lT (NO piPMPi^r.) (ifvil ?^ 

o ' un^^fHi«ii?y-rPF»T«iFST"T«tLnt)Ef) tLtvtl i) 

"^ TRrATC(f*r HV HTCRUSTR*TNFRS 

NliMHtw riF u^illS = 6 

, CAPAtlTV PFR UNIT = 1?,«;ft MGO 

SOBMfffliEl) SCHEt^ AHFAr P17.0I SQ.FI. PfR UWll 



J*0_FFfLUFftlT SCREENS (LfVFL S ) 
IWtFLOW eif BkAViTT (NO PlIMPINt;) tlFVfl 6) 
lkt*rMfNT BY CKI.UHINt (ONIACT I *NK UEVFl 7) 



-miwBFB riF uTisiwr^ TimT5 ^ 7 

flKSINf, MAT^ HFR HUM = Rooo.on I H/IJiY 

KfSf]Mit« PFPanin pftTf s tUMft.?? in/iiAT ' ^ ' • 

»nLtl«F (If CriNlAfl TANK = lO'll??. II'. H, AI IS WIN. DFTENTION TIME 



• fHfOHHAutt PfH iiME SUM H.K Hdij TABLE i* 1 . OUTPUT PERFORMANCE PER TIME STEP 

I . INtAIMtM (iftWAnorl ! liriiHAliF OPf.l'AllUM 1- nvFtJFLnw 

T t"t ' ViTil — rMKonS I- rMTTTWa -^----;-- — ---- Rnd -'■ i-'-------i- lUirrL'irtS !- i^HowS -!- ?5Tuwii,f -! oinMnris -;- htpass - 

FLU* HMD ! FLO* MUD ! LFvEL-l IfVU-i MVH-'< irVFL-71 FLOw HOD ! f \.t'r. mil) SF(iwAi;F niPlH ! FLIIw MIJIM F LOn H(M) 

nH-MlKi cfs HbTL 1 C»5 MH/L ! MiVL Mf,/i f-M./L **(/L ! rF S H(,/i ! tnS m./i cF M ! CF -^ m(,/i i rFS mi,/l 

1 ^.^^ TTT.'i'i "i^.i) 6.r> In o.n o.n n.o n.o o.i* o.o ^.^ r'l^.m.tuf ni i.s t>.u <i.o c." "." 

oul t'.n ».(' 0.(1 o.ii _ _ 

RFfifiVpT) d.fl o.n o.n o.<i 

Id ^.ii £]ll.|S 0.0 P.O IN (1.0 0.(1 o.n Ojd o.r o.n ?.5 ?l(j.7i).lof ua ii.'i o.o 't.o u.o n.o 

(IMF o.n n.o (1,0 0.(1 
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7. RECEIVING WATER BLOCK 
7. I Introduction 

The RECEIVING WATER Block simulates the behaviour of estuaries, 
reservoirs, lakes, and rivers. The program has two parts which inay be 
used together or separately. In Part A, the time history of stage, 
velocity, and flow is generated for various points in the system. In 
Part B, the computed hydrodynamics are utilized to model the behaviour of 
conservative and non-conservati ve quality constituents. 

The receiving water is simulated by discretizing the continuous 
system into a series of one and two-dimensional link and node elements. 
One-dimensional elements are used to represent rivers and specific 
channels, and two-dimensional elements to represent areas of continuous 
water surface. For each time step, the equations of motion and 
continuity are applied to all nodal points to derive the hydrodynamics 
for the system^ Then the hydrodynamics can be used with equations for 
conservation of mass to determine the concentration of quality 
const i tuents. 

The relationships among the subroutines which comprise the 
RECEIVING WATER Block are shown in Figure 22. The Canadian version of 
this Block is identical the to EPA SWMM Version 11. Complete coding 
information is included in this section, and is shown in Tables ^A and kS 
and on Figure 2 3. 

7.2 Example Application 

A hypothetical example of an application of the RECEIVING WATER 
Block for the simulation of dissolved oxygen, using a simplified river 
system, Is presented in this section. For this example, a steady flow of 
350 cfs was assumed in the river with an average velocity of 0.05 fps. 
Figure 2't shows the layout of nine junctions and eight channels (each one 
mile long and ^kO feet wide) used in the simulation. Three identical 
combined sewer overflow discharges to nodes 1, 2 and 3 occur during the 
first six hours of Day 2„ 

Table ^+6 shows the input data used in this simulation. The 
numbers to the left of each line of data represent card group numbers 
used in Table hk to describe the data formats. 
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Table '+7 is a printout of the input data which is useful for 
reference or verification purposes. 

Table ^8 shows the quantity output from the simulation. Print-* 
out results are shown for six junctions and six channels, as shown on the 
output sheets. 

Figure 25 shows a plot of the stage at junction 1 versus time, 
corresponding to the results shown on Table 48. 

Table ^9 shows the input data for the quality simulation, in- 
cluding both control data and initial quality constituent concentrations. 

Table 50 shows the resulting quality simulation output. 
Dissolved oxygen profiles along the river system, plotted from the simula- 
tion results, are shown on Figure 2h„ 
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FIGURE 22. PROGRAMS OF THE RECEIVING WATER BLOCK 
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FIGURE 25. QUANTITY OUTPUT STAGE VERSUS TIME AT JUNCTION 1 



TABLE kk. RECEIVING WATER BLOCK CARD DATA 



Card Card 

^oup Format colunns 



Dcacrlptlon 



Variable Default 
oaM« value 



15A4 



1SA4 



Control Card. 

4A4 1-8 I£ hydraulic calculations are to be 
carried out, vnrite QUANTITY. 

9-16 It quality modeling is to be accomplished, 
write QUALITY. 



1-60 



IF QUANTITY ANALYSIS IS NOT SELECiED, 
SKIP TO CARD GROUP 31. 

QUANTITY MODEL DATA. 

Run title card, 2 cards. 

Two card title for run. 



ALPHA 



Storm title card, 2 cards. 
1-60 Two card title for storm. 



TITLE 



Control switches. 

1015 1-5 - 0, System Is Influenced by 

downstream head relationship (dam), ISWCH(l) 

" I, System is tidally in£luenced,° 

" 2, System has specified outflow, as 
read in card groups 26 or 28. 

■ 3, System has multiple boundary^condt- 
* tlon Junctions. Type is specified in 
card group 10. 

6-10 - 0, Print input channel and junction 

data. ISWCH(2) 

- 1, Skip printing of input channel 
and Junction lata. 

11-15 - 1, Spatially variable rainfall allowed. 
Junction inflows computed using card 
groups 23 to 27. ISUCHO) 



Blanks 



Blanks 



Blanks 



Blanks 



11 both QUANTITY and QUALITY are punched, the program first carries out quantity, 
than quality analysis. 

A "tidal" boundary cooditiou can include apaelf Icacloa of a cooataat haad (••!. 
•atcrlng a laka). 
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TABLE kk. CONT'D) 



Card 
group 



Format 



15 

4F5.0 



Card 
columns 



16-20 



21-25 



26-30 



31-35 



Description 



Variable Default 
name value 



1-5 
6-10 

11-15 

16-20 
21-25 



1, Triangles are used in card 
group 17 and specified roughness 
values are desired for each leg 
of the triangle. 

1, Parallel channels are used 
between same two junctions to 
model different hydraulic 
characteristics. 

0, Junction surface area must be 
left out of laput data card group 
15 when triangles are used in card 
group 17 . 

1, Junction surface area must be 
furnished to card group 15 when 
triangles ate used in card group 17 . 

1, Manning's coefficients for chan- 
nels are computed at each time step 
on basis of empirical relationship 
oi n va depth. 



36-40 


>!ot used. 


41-45 


Not usedi 


46-50 


Not used. 



Hydraulic control card. 

Number of day cycles desired. 

Number of hr/day cycle. This is 
also the period (or rnultiplc of 
the period) of the tidal cycle. 

Length Of qualily time-step, hr. 
Ofaxlmum of 30 quality time- 
steps per day cycle). ■ 

Length of hydraulic time-step, sec. 

Initial tine for start of hydro- 
graph input froM cards, hr- * 



ISWCH(4) 



ISWCH(5) 



1SWCH(6) 



ISWCH(7) 

ISWCH(8) 

ISWCH{9) 

ISWCH(IO) 



NTCYC 
PERIOD 

qiin; 

BELT 
TZERO 



None 

None 
None 

None 
None 



* TZERO = following 1 day of printed output 
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TABLE kh. (CONT'D) 



Cw4 

group 



For 



coltfline 



Deacrlptlon 



VariaU* l>«f*ult 
nme valu« 



315 



3F5.0 



515 



26-30 Number of Junctions for tlae- 
hlsCory printout. 

31-35 Number of channels for time- 
history printout. 

36-40 Number of plots desired.'^ 

41-45 Evaporation, in/mo. 

46-50 Wind velocity, mph . 

51-55 Wind direction, clockwlee, degrees 
from North. 

56-60 Day cycle where printed output will 



61-65 



66-70 



71-75 



76-80 



start 



** 



NHPRT 



Number of junctions of stormwater 
Input from cards. 

Number of input times of rain 
Information. 

Junction number where a head relatlon- 
ahip Is specified. JGW can be zero If 
ISWCH(l) - 2. If ISWCH(l) - 3, NJGW - 
total number of boundary condition 
Junctions (maximum - 20). Actual Junc- 
tion numbers are read In card group 10. 

If ISWCIKS) - 1 on card 4, then channel 
numbers greater than this number (NCCT) 
are parallel to other lower numberod 
channels. If ISWCH(7) - 1 on cinl 4, 
Manning's coeffirlenCs for chnnnel num- 
bers greater tlian NCGT are not cnlculatpd 
at each time-step but are constant as read 
in. 



WDIR 



NQSWRT 



NJSW 



INRAIN 

JGW or 
NJCW 



NCGT 



None 



NQPRT 


None 


NPLT 





EVAP 





WIND 






None 




None 



8F10.0 1-10 
11-20 



IF INRAIN - ON CARD 5, SKIP RAIN 
INPUT CARD 6. 

Rain input cards, INRAIN pairs of values, 
8 per card (Maximum number pairs " 100). 

Rate of precipitation, in/hr. 
Time from start of storm, mln. 



RAlN(l) None 
INTlME(l) None 



* NPLT ^. I 

** TZERO occurs following 1 day (.-ycle of printed output 
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TABLE kk. (CONT'D) 



group 



formct 



Card 

coluans 



0le«crlptlon 



Tarlcbl* Dafault 



21-30 



31-AO 



Ecc, up to INRAIN points. 



RAIN (2) None 
INTIHE(2} 



8110 



1-10 
11-20 



Junctions selected for stage- 
history printout, NHPRT (card 5) 
values, 6 per card (mBxlmmn - 30) ■ 

First Junction number. 

Second Junction number. 



JPRT(l) None 
JPRT(2) None 



Last Junction number 



JPRT (NHPRT) None 



8110 



1-7 



8-10 



11-17 



18-20 



Channels selected for flow print, 
NQPRT (card 3) values, 8 per card 
(aaxlmun - 50} . 

Lower Junction n. (numerically 
lower) at end of first desired 
channel. 

Higher Junction no. (nuaerically 
higher) at end of first desired 
channel. 



Lower Junction no. (numerically 
lower) at end of last desired 
channel. 

Higher Junction no. (numerically 
higher) at end of last desired 
channel. 



CPRT(l) None 



t CPRT(2) None 



I CPRKNQPRT) None 



Right adjust all numbers. 
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TABLE kk. (CONT'D) 



group 



Fornat 



Card 

columna 



Description 



8110 



I-IO 
11-20 



IF NPLT " Of- CAF.D ^, SKIP CARD 
CROUf 9. 

Jun-tlons selecteo for head plot, 
UtLI fc«rd 5) values (maxiniuin - 50) 

(■Irst junction to be plotted. 

Second Junction to be plotted > 



Vsrlable Default 
name value 



JPLTCl) None 
JPLT(2) None 



Last Junction to be plotted. 



JPLT(NPLT) None 



10 



IF ISWCHd) »( 3 ON CARD 4, SKIP 
DIRECTLY TO CARD 11 OH 13. IF 
ISWCHd) - 3, REPEAT CARD GROUPS 
10 AND 11/12 OR 13 NJGW (CARD 5) 
NUMBER OF TIMES (Maximum - 20). 

Multiple boundary condition card, 



215 1-5 Junction number of boundary con- 
dition Junction, 

6—10 Type of boundary condition. 

■I, Tidal (Include card 
ii-jups 11 , 12) , 

- 2, Weir (include card 13) 



JGW 



IIBC 



None 



IF ISWCH(]) - 2 ON CARD 4, 
SKIP TO CARD 14. IF ISWCH(l) - 0, 
SKIP TO CARD 13. INCLUDE CARDS 
11, 12 IF ISWCH(l) - 1 OR IF 
IIBC - 1 ON CAitD 10. 

11 Tide Input control card. 

415 1-5 If " 1 will expand from only four 
tidal etages (HHW.LLW, LHW, HLW 
over one daily cycle of length " 
PERIOD) for tidal coefficients, 

6-10 ffumbct of tidal stage data points, 
Dianimum - 50, (NOTE: Set NI - 4 
If KO - 1). 



KO 



NI 



Nona 



}Sh 



TABLE 44. (CONT'D) 



Card Card 

group Format columns 



Description 



11-15 Haximuni numbor of iterations for 
curve fit, usually 50, 

16-20 = 0, Skip tidal 1/0 print, 

-= 1, Print all parameters used. 



12, Tidal stage card, HI pairs of values, 

4 pairs/card.^ NOTE: If K.0 = 1 only 
four stages (HHW, LLW , LMW, HLW) are 
read, in appropriate time sequence. 

8F10,0 1-10 Time in hours of tidal stage, 
first point.'' 

11-20 Tidal stage (ft), first point. "^ 

21-30 Time in hours of tidal stage, 
second point . 

31-40 Tidal stage (ft), second point. 



Variable Default 

name value 



MAXIT 
NCHTID 



50 




TT(1) 


None 


YYCl) 


None 


TT(2) 


None 


YY(2) 


None 



Tidal stage (ft), last point. 



Yy(NI) None 



13 



3F10.0 1-10 
11-20 

21-30 



SKU' TO CARD 14 IF ISWCH(l) ^ 
OH CARD 4 OR IIBG j* 2 ON CARD 10. 

Downstream head stage csrd. 

WEIR factor. 

Elevation of top of WEIR, ft 
(referenced to datum plane) .° 

Power law for V'r:iR. 



WEIRl-Al None 

WEIR2»A2 None 
WEIR3-=A3 None 



*Tldal stage Is for the first day of simulation. 
'*TjBie range TT (l) to TT(NI) may exceed PERIOD of card 5. 

^Idal stage is for the first day of simulation. This will be repeated on subsequent d»y«. 
Datun plane usually mean low low water. 
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TABLE kk. (CONT'D) 



Card 
troup 



For 



Card 
coluains 



Description 



Variable Default 
value 



fl 



ario.o i-io 

11-20 

21-30 
31-*0 
41-50 
51-60 
61-70 
71-80 



SKIP TO CARD IS IF ISWCH(7) f> 1 
OM CARD 4. 

Variable Manning's roughness card. 
Four pairs of depth V8 n values are 
required. 

Lovest depth, ft (should be zero). 

Manning's n corresponding to lowest 
depth. 

Next depth, ft. 

Corresponding Manning's n. 

Next depth, ft. 

Corresponding Manning's n. 

Highest depth, ft. 

Corresponding Manning's n. 



IMN(l) 

VAUr(l) None 

DNNf2) 

VARM(2) None 

ONNO) 

VAItM(3) None 

DNN(4) 

VARN(4) None 



II 



rs.o 



fio.o 



1-5 
6-10 



REPEAT CARD 15 FOR EACH JUNCTION 
(naxiam > 100) . 

Junction cards. 

Junction nianber. 

Water surface-elevation, ft - 
(referenced to datiai plane). 



HEAD(J) 



IF »TEMP(3) ON CARD 17 IS SUPPLIED 
****** l^AVE SURFACE AREA BUNK UNLESS ****** 
1SWCH(6) > 1 ON CARD 4.*=^ 

11-20 Surface area of Junction, millions of 



•q 



:tace 
ft.* 



None 



None 



AS (J) -SURF None 



i)attn plane usually nean low low water. (Approximate elevations are usually sufficient^. 

Head is negative when below datw plane. 
^o«fc-/er, IC the Junction area is to be added to Junction area computed for 
Crl«ngl«, include surface area and aet I5HCH(6) - 0. Sea discusaion of 
Flcure 8-3. 

^alf of the surface area of the previous channel plus half of the svirface 
area of succeeding channel. 
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TABLE hi^. (CONT'D) 



Card Card 

group Format columns 



2F5.0 



2F10.0 



3W 



2F5.0 



Description 



VarlabU Default 
naaic valua 



21-25 Constant Junction flow Into receiving 
waters, cfe. 

26-30 Constant Junction flow out of receiving 
water':, cfs. 

31-40 Junction depth, ft.* 

41-50 Junction Manning's coefficient. 

(Include Manning's coefficient if 
progrim develops geometric data. 
Channel roughness will be average 
of two end junctions unless 
ISWCH(4) = 1 on card 4.) 

51-70 Leave columns blank.. 



X AND Y COORDINATES REQUIRED ONLY 
****** IF Wlt.'D *^ ON CARD 5 OR NTEMP(3) f *';**** 
ON CARD GROUP 17. 



qiN(j)-QFl None 

Q0U(J)-qF2 None 

DEP(J)-DT None 

C0F(J)=CK Non*; 



71-75 X-coordinate (easterly) , thousands 
of ft. 

76-80 Y-coorditiate (aortherly), thousands 
of ft. 



X<J)-X1 None 
Y(J)-Y1 None 



16 15 1-5 To terminate Junction cards, 

vnrlte 99999. 



None 



REPEAT CARD 17 FOR EACH CHANNEL OR 
TRIANGLE (maximum number of channels 
225). 

S!^ Channel or triangle cards. 

515 1-5 Channel or triangle number. 

6-10 Junction at lower end of channel 
(numerically lower) . 

11-15 Junction at uppe.- end of channel 
(numerically higher) . 

16-20 Blank unless program is used to 

develop geometric data through the 
use of triangles. Then NTEMTfl), 
NTEHP(2), NTCMP(3) are tlie vertices 
of an ac'ut'' triangle . Progran will 
develop channel cliaractcrist.it;;>. 



B None 

NTEMP(l) None 

NTEHP(2) None 

NTEMP(3) 



jJepth is dlatance to bottom from datum plane (Jownwird is positive). 



These numbera may be changed by program. 
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TABLE lik. (CONT'D) 



Card 
(roup 



Fonut 



Card 
colmnt 



Description 



Variable Default 
nana value 



5F10.0 



21-25 Blank unless it la the number 

of a fourth Jjinctlon which lies 
midway batwaan MTEMP(l) and 
MTEMF(3). Prograa wlli develop 
taoaatrlc data. 

IF KTEMP(3) IS SUPPLIED THEN LEAVE 
COLUMNS 26-75 BLANK. BUT IF 
ISWCH(4) - 1 ON CARD «, ALEN - 
MANNING'S ROUGHNESS FOR CilANNEL 
***»•* NTEHP(l) TO NTEHP(2), tVIDTM - ****** 
MANNING'S ROUGHNESS FOR CHANNEL 
NTEMP(2> TO NTEMP(3), RAD - 
MANNING'S ROUGHNESS FOR CHANNEL 
NTEHP(l) TO NTEMP(3). 

26- 35 Length of channel, ft. 

36-45 Average, width of chaonel, ft. 

46-55 Average depth of channel, ft. 

56-65 Manning's coefficient, n. 

66-75 Initial velocity, ft/sec. 



NTeNP(6) 



ALEN 


None 


WIDTTH 


None 


mm 


None 


mu 


0.018 


VEt 






Wf^:. ilS 1-5 To terminate channel cards , 

write 99999. 



None 






IBAA 



1-72 



IF NPLT - ON CARD 5, SKIP TO 
CARD 22. 

Plot title card. 

Title for plot output. 



TITL 



None 



m Plot horizontal label card. 

20A4 1-aO Label below the x axis. HORIZ 

oapth la distance to bottoa from datum plane (downward is positive). 



None 
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TABLE i^k. (CONT'D) 



Cmri 

group 



Format 



Card 
columns 



Deicrlpclon 



2X Plot vertical label card. 

6A4 1-8 Line 1 of the vertical label. 

9-16 Line 2 of the vertical label. 

17-24 Line ^ of the vertical label. 



22 



Variable Default 
value 



MIS 



VERT(l) 
VERT (2) 

VERT (3) 
VERT (4) 

VERT(5) 
VERT(6) 



1-5 



6-10 



IF NJSW - ON CARD 5, SK.IP TO 
CARD GROUP 30.* 

Stornwater input control card, 

ttJSW (card 5} values (maximum - 50) . 

Number of flrat Junction receiving 
■ tomwater Input. 

Number of second Junction receiving 
• tomwater input. 



None 



Nona 



Mone 



JSW(l) None 
JSW(2} None 



23 



315 



1-5 



Number of last Junction receiving 
atorvwater input. 



IF ISWCH(3) »* 1 ON CARD 4, SKIP TO 
CARD GROUP 28; OTHERWISE INCLUDE 
CARDS 23 THROUGH 27. 

Total number of time inputs of rain- 
fall and stornwater flows (maximum ■ 
100). 



JSW(NJSW) Nona 



6-10 Total number of rain gages (maximum 



NTIMST 



MGAGB 



Nona 



None 



*NOTE: If stornwater input is provided to Che aama Junctlon(s) froii both tape/disk 
and cards, ~the card Input will ovarrida tha tape/disk input. 
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TABLE i^h. (CONT'D) 



Card 

group Format columns 



24 



11-15 



8F10.0 1-10 
11-20 



Description 



Units for time Inputs (carti group 
24): 

" seconds 2 = hours 

1 ■ minutes 3 = days 



INPUT TIMES FOR RAINFALL INTENSITIES 
AND STORMWATER HYDROGRAl'H!; . UHIT:; 
CORRESPOND TO THOSE GIVEN ON CARD 23, 

Time of first inflow (time of day) .^ 

Time of second inflow. 



T«rl«ble Default 
njune value 



NTCC 



i 



rEEM(l) None 
TEEM(2) None 



25 



16F5.0 1-5 



6-10 



Time of last inflow (should he ]arf;cr 

than ej(pected time of analysis). TEEH{NTIMST) None 



REPFJVT CARD 25 FOR EACH JUNtTTON 
LISTED IN CARD GROUP 20 (rnaximum 
50). 

Fraction of rainfall from first 
gage allocated to Junction. 



RCENT 
(NJSH.NGAGE) None 



11-15 



26 



Fraction of rainf.ill from last 
gage allocated to juiictioji. 



REPEAT CARD 26 FUR KACIl IM'Ul TIHl: 
Stomtwater hydi-ograph input cards. 



This Is cumulative time if more than one day Is simuljttj 
NOTE: Variable outflows may be read as negative Inflow value 
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TABLE ^k. (CONT'D) 



Catd C«rd 

(roup Fornat colunns 



Dvscrlptlon 



Variable Default 
valu* 



ariO.O 1-10 
11-20 



Flow volume for first junction, cfa. EXXT 

(NTIHST.NJSW) None 



Flov volune for last Junction, cfa. 



at 16F5.0 1-5 



6-10 



11-15 



REPEAT CAKD 27 FOR EACH INPUT TIME. 

Rainfall Intensity for firat rain 
laga, In/hr. 



DRAIN (1) None 



Rainfall Intenaity for last rain gage, 

In/hr. DRAIN(NGAGE) None 



BFIO-O 1-10 
11-20 
21-30 



IF ISWCH(3) - 1 ON CARD 4, SKIP TO 
CARD 30. REPEAT CARD 28 FOR EACH 
INPUT TIME (maximum - 50 Junctions). 

Input hydrograph.^ 

Time of day, aec." 

Flow volume for first Junction, cfs. 

Flow volume for second Junction, cfs. 



TE(1) None 

QE(1.1} None 
qE(l,2) None 



Flow volume for last Junction, cfs. Q^d, NJSW) None 



'29 FIO.O 1-10 Terminate Input hydrograph cards with* 

TE(1) beyond expected time of analysis. None 



NOTE; Variable outflows may be read as negative Inflow values. 
Thla is cuiulativa time if more than one day ia alaulated. 



* It is necessary to specify a time (TE) and zero flow rate (QE) to 
complete each hydrograph to avoid interpolation of final value to 
this time. 
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TABLE Ith, (CONT'D) 



c«Td 




Card 




troup 


Fonat 


coltanns 


Dcacrlption 


» 






Final data card . 




2A4 


1-8 


Write ENDQUAMT. 

END OF QUANTITY DATA CARDS 



Vatlablt Dafault 
naae valut 



None 



QUALITY MODEL DATA. 

U' Control switches (1 la yes, la no). 

1015 1>5 Raatart from acratch file 3. ISWCH(1} 

6-10 Skip printing of maxlmuin and ninlmum 

concentrations . 

11~15 Write restart data on scratch file 4. 

16-20 ^' ^ non-conservative pollutant to 

be iaodelled. 
21-23 Tidally influenced receiving water . 

26-30 Input from cards (or tape/disk) on flrat 

day of quality slBulations . * 

31-35 Variable oxygen saturation coefficients. 
- '0, Sane constant value at all Junctions, 

■ 1, Different constant value at each 
Junction, 

" 2, Computed at each time step as func- 
tion of temperature and clilorlde 
concentration. (NOTE: Chlorides must 
be one of the constituents when this 
option is used.) 

36-40 Variable reaeration coefficients. ISWCH(8) 

* 0, Same constant value at all Junctions. 

■ 1, Different constant value at each 
Junction, 



ISWCH(2) 





ISWCH(3) 





ISWCH(A) 





ISWCH{5) 





1SWCH(6) 





ISWCHC7) 






xZUO oeeuaoB flrit dmy of input froa eardi or tape/disk. 
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TABLE hk. (CONT'D) 



C«rd 
group 



Fornac 



Card 
columns 



Description 



W: 



33 



lOIS 



- 2, Computed at each time step 
as function pi deptli and velocity 
using O'Connor-Dobbins formula. 

41-45 Not used. 

46-50 Use only the dally quantity cycle 
on Input file Indicated by value 
of ISWCH(IO). Value of zero in- 
dicates use of all days. 



1-5 



IF 1SWC»{1) - OH CARD 31. SKIl' TO 
CARD 33. RESTARTING FROM SCRATCH 
FILE 3. 

Daily cycle card. 

Number of daily cycles desired. 

THIS WOULD BE LAST CARD OF DATA 
DECK IF ISWCll(l) ° 1 ON CARD 31, 
EXCEPT FOR CARD GROUP 39. 



storin water and print card. 

1-5 Number of Junctions with stormwater 
input from cards {maximum - 20) . 

6_10 Initial dally cycle at which detailed 
quality information will print. 

11-15 Number of quality time steps between 
printing out of quality results. 

16-20 Total number of quality cycles printed 
(maximum •■ SO) . 



Variable Default 
nasie value 



ISWCH(9} 
ISWCH(IO) 



mm 



None 



NJSW 
ITCPRT 
NQPRT 
LQCPRT 



None 



None 



None 



None 



34 Control parameters. 

315 1-5 Number of daily cycles desired. 



BTC 



None 



*ThlB Is the total niutber of cycles, Including those used previously In generating 
the restart tape. 

^MOTE: If stormwater input la provided to the same junction(8) froa both tape/disk and 
cards, the card input will override the tape/disk input. 

^QMallty ti»a step la read on card 5. 
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■1 JLUJll/— JJ- »l — 



TABLE kii. (CONT'D) 



Card 
group 



Format 



Card 

columns 



Deacrlptlon 



6-10 Number of constituents (maximum 



U-15 
2F5.0 16-20 



21-25 



Ms 26-30 



31-35 



m 



IS 

FIO.O 



1-5 
6-15 



total nuinber -6). 

Print interval, days. 

Ocean exchatiee ratio at tidal 
point (JGW). This is fraction 
of inflowing flood tide that con- 
sists of returning outflow from 
prior ebb tide (e.g., if XRQD " 
0.20, eOZ of inflow or flood tide 
consists of fresh ocean water) . 

Water temperature, "C (range 

^ TEMP ^ 30) . Required only if 

1SWCH(7) or ISWCH(8) - 2. 

Constituent nur.iber corresponding to 
chlorides. Determined from sequence 
c 35, 36 cards. Required only if 
Ib^CH(7) - 2. 

Constituent number corresponding 
to conforms. Determined from 
sequence of 35, 36 cards. KOLIF - 
means coll forms are not simulated. 



FOR EACH QUALITY CONSTITUENT READ 
A SET OF 35 AND 36 CARDS. 

Quality boundary and decay data. 

Head-stage control node. 

Boundary concentration at JGW 
{e.g. J In ocean water) of consti- 
tuent, mg/t (or MPN/100 mi for 
conforms) . 



Variable Default 
name value 



KCON None 
NPRT None 

xrqJ* 



TEMP 



i^m 



KOLIF 



^m 



m- 



None 



if 



MOTE: If BOD is modeled, DO will be added automatically as the extra constituent 
(nuinber KCON+1) and should not be Included In KCON. 

If aultlple boundary Junctions are used, JGW is not required, and the progroa 
•atoMtlcally aaalgos paroaetera XRQD, CS and CSAT to oil tidal boundary Junctions. 
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TABLE ki^. (CONT'D) 



Card 
group 



Format 



Card 

columns 



Description 



Variable Default 
name value 



3E5.0 16-20 





21-25 




26-30 


5X 


31-35 


6A4 


36-59 



Boundary dissolved oxygen at JGW 
(e.g.f in ocean water) and constant 
saturation value for receiving 
water i£ ISWCH(7) - 0, mg/l- 

Reaeratlon coefficient, day .* 

First order decay exponent for non- 
conservative constituent, day~^. 

Leave columns blank. 

Constituent name. 



CSAT O 

REAER i 

* 

DECAY ft; 
TITLE Blanks 



t$ 
7F10.0 



1-^ 
6-15 

16-25 
26-35 



FOR EACH NODE WITH A NON-ZERO 
INITIAL VALUE. INCLUDE CARD 36. 

JunLtion quality data. 

Node number. JTT 

Initial concentration of node, mg/l CTT 
(or MPN/100 ml for conforms). 

Constant mass loading, lbs/day (or CPP 
MPN/inin for coliforms). 

THE FOLLOWING FOUR VALUES REQUIRED ^,^,^^^,^,^, 
ONLY ON CARDS FOR NON CONSERVATIVE 

CONSTITUENTS 
Initial nodal dissolved oxygen con- CTTOX 

centration, mg/i. ** 



None 



36-45 Dissolved oxygen concentration of CPPOX 

inflow, tng/t. 

****** THE FOLLOWING VALUK REQUIRED FOR^J^^IJ^^ 
ISWCH(7) . 1 ON CARD 31. 



'nOTE: With present programing, any non-conservative constituent (DECAY > 0) will 
be treated similarly to BOD-DO, that is, an extra constituent analaRous to 
DO will be added and simulated. It will not affect simulation of the non- 
conservative constituent, but must be remembered In total number of 
conatltuents. 



* Set this equal to DECAY when modelling coliforms. 

** Set this equal to a large number when modelling coliforms. 



TABLE '+'4. (CONT'D) 



C«rd Card 

troup Fornat coiunna 



Description 



Varlsbl* Default 
valua 



m 



46-55 DO saturation concentration at node, STT CSAT 
ng/£. 

THE FOLLOWING VALUE REQUIRED IF 
1SWCH(8) - 1 ON CARD 31. 

56-65 Reaeration "coefficient at node, d;iy~ . ATT R^AER 



f# 1-5 Terminate card group 36 by writing 99999. 

IF NJSW >^ 1 ON CARD 33 INCLUDE CAJID GROUPS 
3a AND 39. 



^8 Stormwater input, NJSW (card 33) 

values (maximum • 20) . 

1615 1-5 First Junction for storoiwater input. 
6-10 Second Junction for stormwater input. 



None 



JSW(l) None 
JSM(2) None 



Last junction for stormwater Input. 



JSWCHJSW) None 



3Sk 



8F10.0 1-10 
11-20 



CARD GROUP 39 MUST BE READ IN GROUPS, 
EACH GROUP CONSISTING OF KCON NUMBER OF 
CARDS, 

Time and load rate (repeated sets of 
cards, each set consisting of KCON time 
groups). 

Time of day, sec* 

Load rate of constituent for JSW(i), 
Ibe/day (or HFN/nia for collforms). 



21-30 Load rate of constituent for JSW(2). 



CE(1) 
CE(2) 



None 
None 

None 



Load rate of constituent for JSW(NJSW) 
lbs/day. 



CE(NJSW) None 



4f FIO.O 1-10 Terminate input pollutograph cards 

with TE beyond expected time of 
Analysis.* 



* It Is necessary to specify a TE, time and zero pollutant mass input to 
complete each pollutograph and avoid interpolation of final value to 
this time 
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TABLE kS. RECEIVING BLOCK VARIABLES' 



Varlakl* 



Dascrlptlea 



Dnlt 



Vsrlabla 



Daacrlptlon 



tJnit 



O 



HC.I " 

UCU) 

W(I) 

UPH* (Ml 
UZK 



n(i) 



C Oianiwl creas-sactlon axaa «t •tazt aq ft 

of ti*a-*t*p 

C Tldtl cum tit ceaHlelanta Aixlag 
laaat aquar* pioc*** 

C Kodlfltd (rletlon factor 

C Tttla for printing 

Oiannal langth 

Input varlabla uaa (or branehla^ to 
alttiar Quaiitley or Quality lledi 

CDBputad nodal araa to (tnd Initial 
nodal veluaa 

C Nod* aurfaca araa aq ft 

C Chanjial craaa-aaction at aldpolnt of 
tlan-atap 

tKIU - Mir coaf ficlant 

HEIM • llavatlon of wclr croat 'pii 

MIU • Bnpeaant in tha aipraaalan 

- MEIUOI-WEIM) Khara 

a 1* tita uatar aurfaca alava- 
tion and Q la tha (low. 

Varlabla containing aitarlak 

Ttttal aurfaca araa of racaivlnq Hatar aq ft 

C krray containing X coordlnata* of plota 
C Array containing t coordlnataa of plota 

Coafflclanta of tha Mpraaaion 

H - U * UOOXWI + UCXIS(2Vr) 

c 

+ MOOStlHT) * ASSIN(MT) * kSSIN 

(JWT) + A7SIN(MT) (or tidal input . . 

oe» not Indule variables added duiug updating. 

a aharad in ooaaon blocka. 

liana X is Car aM^ar of d>a— ala, J ia tat aaobar •( 
E U lov aa^or af polat ja»»«tiai, Mwaaala, aM »l«t«. 



• (I) 



km 

MdOO.SOl 
AVClOO.M) 



M 



^ 



C(J,«> 



CAKI 



C«(t,»,2) 


c 


CF 




CLOSS 




CWMt(J,6» 


c 


OUHtJ.t) 


c 


coey 




cor (J) 


c 


CPP 




CPPOX 




CF>r(K} 


c 


CS(6) 


c 


cs«((i 


c 


CSPI1I(J,») 


c 


R(i,M.l) 


e 



CTT 

cnoi 



•Varlabla 
**Ia orlabla 



C Otaanol width 

Varlabla oontalalng blank 

C Oenatttuant nodal eoneantrationa 



Varlabla (or raading aacand halt of 
final card 

Storv watar noda input valuaa of load- 
ing rata 

Manning** ceafficlant for Junction 

Conatituant concantratien loat to dacay 

Daily BulMiB conatituant concentration 

Daily Klniaia conatituant concaotration 

Huialng'a coafdelant (or chanaal 

Junction friction (actor 

Staady atata load rata for load noda jrt 

Staady atata DO indow concantration 

Oiannal print array 

Oonaarvativa conatituant concantration 
at controllad atata-tiaa noda (JW) 

DO conatituant concentration at JCH 

Initial conatituant aaaa iiqmt lavala 

Oonatituant loading rata (roB atora 
watar input 

Initial noda JTT eonatltuanta ooncaa* 

trationa 

Initial noda JTT DO ooocantratlooa 

Concantration at oootmilod ataga-tlaa 
(JGHt 



m 






IVday 



•9/1- 
■g/L 



lb/day 
■g/L 

mg/s. 

■g/L 
■9/I> 



TABLE hS. (CONT'D) 



v«ri«bl* 

Nane 



Ctticrlption 



Unit 



Nane 



t}«>criptlon 



Unit 



o 
oo 



DCI7r(J,6) 
EECAY (6) 

DCLH 

DCUUkX 

DELT 
CCLTIl 

DELTQ 



DCLVl, 
DEI.V2 

OCP(J) 



DISOXY 

m 

ouhin 



N«pi« of Bubroutin* 

Durrny c**d varicbla 

C Oianqa of noddl concentrAClon with tiJM 

C rirtc order deity coefficient toz non- 
conil«rv«tive consticuant* 

Intreripnt Of head of « junction for m 
tiric-step 

Kixirum difterenqe hei»«en th* c«lcul*ted 
«nd tid«l BtB^e input 

C Tlne-it*p lncr*inant 

Kaxitium AlLouAble diffcranc* batwcan th* 
calculated and input tidal stag* 

C Length of quality tinc-atap (ucually 
an hou r ] 

1/3 tim«-*t«p incrantent 

Component of velocity chanqe during 

a tlme-atep 

C Depth of water of a junction at caro 

datum 

Cor^utad depth of noda at a junction 
for initial voluinc 

Difference between the calculatad and 
input tidal atage 

Part of label for nonconacrvativa con- 

atituenta 

Junction depth 

Dunny write variafala to indloata and 
of data 

WoltiBs ctiaag* in a tlBB-atap 



l/iUy 



ESS 



£N0EB(3) 



FINAI. 

rjl 

mOt 
nooa 

FKINIXl) 



-■mm 




it/—c 


H(J( 


ft 


HAVE ( Jl 




HBA>ij) 


ft 


HXAO 


■9/1. 


HN(J) 


m. 


HOU I 




MM 




li»LT(R) 



Total flow leaving lyitaa at tidal 
junction 

Array containing EMDQUAHT to termin- 
ate Bodel 

C Evaporation rate for whole aymtaa 
converted froa tt/ma 



Variable for raadinq fi«t half of 
final card 

Internal variable 
Internal variable 

Total flow entering ayatcm at tidal 

junction 



C Drag force due to viad 



Channel length datezained frca X t 1 
coordinate* 



C Head at Junction at beginning of 
tiae^itep 

C Junction average head during a daily 
cycle 

C Junction average head during a quality 
cycle 

Die te nee water eurface ia frea datum 
plane 

C Junction head at and of tiae-atap 
C Graph horluntal ax la title 
Tina-houra 

C Array aawad on acrktok (or LaUc 
yloMlaf 



et 






c( 



ft 

ft 
ft 

m. 

mi 
m 



TABLE k5. (CONT'D) 



Dare 



Description 



Bnit 



V*TiabJ.a 



Deacrlptlon 



Unit 



ro 
O 



HT(J) 



m 

icot 
icx)N(e) 

IDELT 
lOUM 

m 

III3ATA 

IKQUU. 
IIIRAIK 
INSTH 



1KTIXE[100) 


c 


IFERID 




IP01KT(J,B) 


c 


IQI^^^ 




ISKIF 


c 


ISUI20) 


c 


ISHCKdO) 


c 


ircTia 


c 



C Junction head it end of 1/2 tlna-icap ft 

H«fM of function 

Intariul vcrlAbL* 

C Printing column haadar 

BooVkfeeplnq lnt«9ar for nonoonaarvatlva 
-constituenci 

Length of hydr*ulLC cycl* (integration aac 

Btepi 

C Column heading for channel printout 

Channel numbar 

Mane of subroutine 

a^Ttm of subroutine 

Number of rainfall inputa 

C Switch to cause reading of polluto- 
grsph fron hydrograph fila aftar ona 
ddily cycle 

Time of rainfall inputs 

Length of tidal cycle hra 

Painter array containing node to nod* 
connection! 

Length of <2uality cycle mte 

Printing counter 

Stont water Input Junction* froa hydro- 
graph file 

Control awitchea 

Day cycle chosen for (tart of dataliad 
quality printing 



JBOUND(IO) c Junction with apaclfiad boundary c*adl- 

tlon* 

JGM C Junction with apacifl«4 ^.<ad flow oc 

haad ralationahipa 

7H Higheat nuabarad )uactlan at thfl cud eC 

a channel 

JJ Lowest nui«i*r<d Junction at tha aid of 

tha channel 



JJBQUM 

Jl>I.r(t) 
JPirrot) 
JEW(20) 

JTT 



kCQHO 

KPPT 
KMIIH 

KSTJUrr 

LENd) 
UXWQL 
LQCTR 



C Nui^er of junctiona vith apacifiad 

ary conditions 

C Array of junctiona to b* plottad 

C Array of junctions for a tag* printout 

C Storm water ir^ut noda au^bara froK 

cards 

Node nusber tor spacial start condltioia 

C tkiater of constrtuanta. Including DO for 
nonoonaervative 

C Huaber of conatltuanta 

Switch to cause gcnaration of a full ti^ 
fn» lUfH, UM, HIH, LHW 

C Counter for printing, at^ndard output 

Counter for Intarpolatian of rainfall 
input 

Do loop start point for DO loo^ 

C Oiannal langtn 

Naiw of aubroatina 

C Ouixad total nv^Mr of datallad 
vality prlat erslu 



^: 



TABLE k5. (CONT'D) 



VrnzLmblw 



D**crlptlon 



Onit 



VariaM* 



DascrlptloB 



Oalt 



o 



LTIME 

HJOItT 

KCOUNT 
KCPFU 

XJPRT 
HSTERT 

KTOTAL 

«C 

MCHUI(J,S) 

WOITID 

NCLOS(I) 

■mm 



Hit; 



PrlAtinq counter 



Hail of nodal conatltuant 

Haxlmn nuibar of Iteratiaiu In tidal 
Curva fit, usually 50 

Card read countsr at *n<i of SWFLOII 

Giannel nuntieTS for vtilcti flew and vel- 
ocity arc to ba printed 

Nam* of function 

Kair^er of atorm vater input node* Ixam 
hyitotiziph fila 

Junction nunbar* for whldt ata^a la t6 
b« prinCad 

Frintinq counter for quality cycle, uaad 
In OPRIMT 

Printing counter, total houra printed 



C Hunbar of channela 

C Channeli aacociatad with nodes 

Print control for tid* feneration 

C If equal to 1 channel dry, otherviae 
no effect 

Hurlier of quality constituents on hydro- 
graph input file 

Nuniber of points on plotted curves 



Total nuirtier of curves 
thiiibor of dry Junctions 



HEXIT 



MPU) 



8H 
NHCTC 


C 


NUPRt 


c 


HI 




nmmc 




HIHT 




HJ 


c 


HJSW 


c 


KJUtlCd.ll 


c 


ML 




KPDEL 


c 


NPLT 


c 


NPRT 


c 


NPT 


c 


MPTOT 




HQ 




NQCTOT 


c 


MQCYC 


c 



IkiiriMT Of cycle with ontflaw at tld* 
junction 

Sat aqual to 1 >4wa arror eendltlea 

axiata 

Nunber of cyclea with laflow at tlda 

junction 

Node at channel and 

Hunbar of r1»i itifi ft faallty cycle 

Munber of junctions at which head will ba 
printed 

Huiiiiar of tidal Input Talues 

OMnter for tape a tors wa tar Input 

Huaiber of Itydxau^lc. cycles per tidal 
cycle 

Nuii>eT of Junctlona 

HuBbcr of Btora water Input junctions fox 
cards 

Nodea at channel ends 

Noda at channel end 

Huaiber of tine-ateps per plot point 

Nusber of points to be plotted 
C Standard oitput print Interval, 1b days 

lki'iA>ar of parts on card curve 

Counter of tiue-atepa for plotting 

Quality cycle counter 

Printing counter 
C Nunber of quality cyclee pn day 



TABLE k5. (CONT'D) 



VuUbl* 



DMcription 



Unit 



Variable 
Nanc 



tlaserlptlon 



Unit 



aopta 

■CSHHT 
KSTEPS 



HSTMET 


c 


■StUtt 


c 


«■ 


c 


write 




■TC 


c 


■rate 


c 


ITTEMHe) 


c 



awoKi) 



Ui 


C 


m 


c 


NIO 


c 


■120 


c 


»Z1 


c 


1113 




«30 


c 


IMO 


c 



Quality cycl* Intarvtl Incrcacnti b«ttfe*n hr 
datallad quality cycle print* (SwgUAL) 

Dunbar of daily cycles at which printing 
Hill Start 

Nunbar of input record* on iri.'ut bydrofraE^i 

fila 

Day DO loop atart cycla 

Printing (Sounterr day cycla 

Daily cycle nuaber 

Day, DO loop C(».ntar 

Nuabar of day cyclaa 

Hunber of dally cycla* to ba aiaulatad 

Tetrpoiary array of channel* entering a 
noda 

Hunber of tiaaa through drying up con- 
nection 

10 for first call to output 

11 for subvaqucnt calls 

Array containing compacted fora of Junc- 
tion connectiona 

Number of curves to ba plotted on one plot 

Card reader 

Printer 

Scratch file nuadier 

SkTLOW-SHQUAI. interfacing file 

Input fila containing hydrogra|itta 

Scratch file containing plot infomation 

Restart input file 

Output file 



OGAIN 



PCMOD 


C 


PIXC 




PRTHdO.K) 


c 


PKTOUt 




PRTCOO.K) 


c 


PRTV(30,K) 


C 


C(t) 


c 


OAVE(I) 


c 


0»AR(I) 


c 


0E(20,2I 


c 



OIN(J) 

QINSAIKJ) 

8INST 

QOUBU(J) 

0Tt30,2) 
OUIN(J) 

OUIIJST(J) 

R(II 



DlBsolved oxyqen gained froii reaeration 

Period in houri of daily cycle 
Inatantanaoua rainfall rate 
C Array for printing heads 
Haaie of aubroutina 
Array for printing tlova 
Array for printing velocitle* 

Channel flow 

Daily cycle average flov 

C Quality cycle average flow 

Inflows on input caida (subroutina 
SHFLQHl 

C Total inflow to lyiten through control 
node, 1-day cycle 

C Inflow* to Junction* 

C Cuality cycle averaqr Junction Inflow 

Initial inflow to Ju.-'Ctlon 

Ouality tine-atep Interval 
C Ottflou from Junction 
C Ouality cycle average Junction oatflow 
C Inflows from hydrograph input file 

Flow Into aytteai at node* 

Instantaneous inflow rate 

C Hydraulic radius 



ft/see 

<iiK 

ft/see 



efi 

cfs 
efs 
cfs 
ef» 



TABLE kS. (CONT'D) 



VarUbl* 


C 


MM 


MO 




MINdOO) 


C 


ICAi:»(6( 


c 


FES 





Daicriptlon 



Unit 



Varlabl* 



Daaerlptlor. 



Dnlt 



SIGH 
SLOPE 

SUK 

SWF LOW 

SXXtlO.lO) 
SXT(IO) 

T 

TDELT 
Tt 
TEMP 

TEO 
TEP 
TP 
TIIC 



QiAnnel dapth iii«*9ured fron dAtun 

ttainfall hycto9r*ph values 

Maaratlon coefficient; 

Accunulativa dlfferance between the cal- 
culcted and Input tidal at*9a 

Temporary hydraulic radius at 1/2 tiire- 
stcp 



Libiary function 
C Instantaneous rate of chanqa of inflow 

Confuted tidal ataqe 

Avcrag* dally nodal coiiccntration 

Total flew leaving junction 

Nana of lubroutlne 

Kaac of aubcoutina 
C Matrix used foi leait aquara tidal fit 
C Vector uiad foe least Kjuara tidal fit 

C Tine counter for whole analyiii 

Tine-step of hydcoqraph Inpjt file 

C Time of inflow for card input 

Siafilifylnq variable uaad during solu- 
tion of velocities 

C Previous value of TE 

C Tine of inflow in hours 

EstiKAte ■axijHin tioke-step for channel 
Tine counter for storv input 



ft 

In/ft 

ft 

ft 



TITEL2 
TITLE (40) 

TITL£(30| 

TITLE5W(30) 

T«AX 

TOLO 
TTtSO) 



ft/sec 

tr. TTP 

TZ 

cfs 

TZEflO 
TI 

U(22S) 





■» 


sec 


VBAR 


sec 


wuuj 


sec 


VQIiO(J) 




VOLUME 




VT 


sec 


V2 


hr 




sec 


w 


sec 





Input hydroqraph title 

Title array read from input hydfo^rafh 
file 

C Title array read froa cards 

C Description of tun 

IXim:i;y write variable to Indicate end 
of data 

Time of previous Input rainfall sac 

C Time froei start c! stom of input for sec 

tidal condition and fioa hydj:o^rapn file 

Tiniei of previous input fren hydroqrapK sec 

file 

Time of start oi storm |^ 

C Zero time for t^e analysis sec 

Tine at end of half hydraulic tiae-atep kCC 

C Channel valocity 

C Channel velocity at start of tlma-stap ft/see 

C Averaqe nodal voLuine Juring quality cycle cf 

C Noda 1 voluTfte :«# 
C Volume of JCU 

Initial nodal voluSH ef 

C Oiannel valocify at 1/2 tine-stap ft/sac 

Velocity during a half hydraulic tiaa-step ft/sec 



Pundaaental frequency of daily tidal rad/sae 

variation 



TABLE 45. (CONT'D) 



Vulabla 



C* 



Daicrlption 



Dnlt 



:.*«*• 



miiR 

MEiita 

WltJ 
MI DIM 



xvgo 
xx(iO) 



C Hind dlraction in daqraca fns nocUi 
Hale coafflclant 
eiavatlon of wair craac 

Exponant In tha aKpiaaalon Q - NEIRl 

(M-METJU)"'^'^ iriiara H la tha watar 
■urfac* alavatlm and Q la tha (low 

Width of charmal 

C Hind forca 

C X coordinata of junctiena 

•lank or aacarlak dapandlng en «bath«r 
aatlaatad —'— tlaa-atap la aatla- 

riad 

C Kaaa axchanga ratio of J<M 

C VaccoT oaad in laast aquara tidal tit 



da« 



m 



M 






C 1 ceoidlnata of juoctlona 
C <t««a laval of tidal input 



pi- 
rn 



TABLE k(>. RECEIVING SAMPLE INPUT DATA 
(Corresponds to output in 
Tables 17 to 50) 





i'f L^ 


I 'J 


p-., 








(1) 


(> ( 1 A ■ 


J 1 Mr J' 1,1 


1 1 1 r 






(2) 


1 t- S 


H? 


1 Vt-.'< 








(2) 


I b ■ 


iul 


i f IJ J 


> f i.r ' 


Hkiie 1 1 1 




(3) 


b 1 .)M .1 


1 yf 1 1 


:■ A 1 


-i 1 it.'t :, 




(3) 














(4) 




I 










(5) 




'] 


.ea 


1 


,"l i) il 


fj 


(7) 






1 




? 


s 


(7) 






» 








(8) 






|(< Jr* 




t'<nt \ 


Siiifi 


(9) 






1 








(11) 




1 


'1 


So 


1 




(12) 






■) 




H 


f ' 


(15) 




i 
% 
f 


M 

Hi 




\.\f ssu 






.15) 


9 


H 




1 . w 


liS'i 


(16) 


49494 










(17) 




1 

i 
t 


! 

? 

% 


.1 






(17) 




H 


A 


9 






(18) 


4f>944 










(19) 


bT A 


;£ 


•J f 1 - 


h A r 


J-JijC 1 tuv 




(20) 


1 T >i 


h 1 


rj n'li 


fvii 






(21) 


S \ ft 


r.t 


IN f 1 


fli*Uv/E hfiTHi'1 




(22) 




1 


;> 


S 






(23) 




1 

1 
1 




8 ;j n 
4 4 00 

rt 




(J 
H.S 




(23) 




? 1 *u» r) 








(29) 




SOuOiXI 








(30) 


tr,,, 


J U ft N ' 








( 


(32^ 


I 


? 


1/^ 


I 1 




(33) 




s 


1 


I 






(34) 




<J 




U 


-l.lSf (J 


.irr. 


(35) 


44.^99 










(37) 




1 


? 


1 







'IIIO- 



II IMiS I t, fi 
IM)( 'IS 1 S 

ri('" •if* /o 

(1 on,' sun 
(Mill 19iS 
(Ulf 1-^*^0 

(1 






8 


.S 


1^ 


.H 


't 


. 4 


Q 


.*1 



'J.\ 



H'llJ 



nil I 
ij '1 1 

14 'I I 



jr. ijf 



1 f" 

u) S 

el ^ 

1 <- 

(ll ^ 

1. I * 

I.I ^ 

I s 

, i.(, '.iih"^h 
. .11, .liJ 1 'V 
. ' I I . I ^ S '< (■■ 

■ . li( ,< r">Oi^ 

■ ,^>^^ iiPr'S** 
■ . u(, '1 1 r. t ^ 
■ . u(Mp(i96h 
■.("•(KtOiPf' 






/ 1 . 1 1 f 



1 f> 



1(1 s 

1 '. 

1)1 ^ 
,. 1 *. 
II 1 s 
ui s 

01 S 

1 4 



.OS 

.O-s 

.OS 
.OS 
.OS 

. t'S 

.MS 

.OS 



:('4 
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(39) 




1 (■ 




(1 


ij 




5*1 1 


1 "J r . 1 1 1 ^■ 




■wi 11 1:>< 


K ►- (> ir J^ 




/.'.J 


> 1 1 9S.I': 


1 


1 'vS.i/i 


1 IMS'* 'J 




1 H'*') 


1 1 WlSr' 


1 


^^SSr^ 


1 ShSbf^ 




) 'i'i') 


1 rv ;> 1 /" ^ 'i 


(>' 


r't /'-^ 


,'('r' 1 /f^' 




t nii.j 


(. /..'If'U 




^(, if' 1 


r'o'if"! 


(39) 


r^ 1 '^t 


(1 








(40) 


'I'lM 'K 


II 









«f 



TABLE kl. INPUT DATA FOR QUANTITY SIMULATION 



TrST PIV( » 



r.p.A. 



a i SM'LVfn PyTtifN Pppfut hfcfiviwf WATfR HTORonYNArirq 

HATTR PUfLITr CYCLrS PFR I'flT gt 



iHTrr,n/«Tion cvcif": rrr» watfp oualitv rrcir i^ 
LrNCTH nF irjTi r.HATTON r-Tff' i^ ?ito. rrcorjn!, 

IMITlAI Mm O.O HU UH S 



EVAPOPATinrj PATT. n.n iMciir<; rrn month 

WIND vrioriTt. n. f^f>(i "utt'ii hTr>(rtTOM. r. nrRhrtS ProH WfiRTu 

CSTURI^L r.TSIFB 



wniTT rrrif st»rts at tmf i riHr rrri.r 

NO PPf rIPTTATIOH IHPUT 



^ PRIMTFP rilTPIIT AT TUt FOLITtUING ■? JIIMCTIorjS 

1 ? 3 t "i 6 7 fl g 



TWTTTTfrTTTnnrrTTiTrTnrTTnTTTimrc — a tMANhns — 

inn? ?nn3 5nnii »fu5 snn6 snoT 7oofl nnng 

Ko i<^ 1 riurprP of tfpfs j<; d nAxirnin riuMBFK nr jTrpATion'? is sn Tinr cmfck switch is i 



IKT. Tim Tltrrr 

1 f>,n r.ono 

> f.,noo p.ono 

3 iP.nnn A.nnn 

* ip.npfi a. (Iff) 
5 i.?oo p.onn 

f; s.nnfi ■■ (i.irfii 

7 <i.?co F.nro 

* T.^rc n.niio 
9 9.prn p.nnn 

!• 10.500 P.nnn 

11 i?.5Pn n.n'in 

"T? T'.inin >' . 'itii! 

13 Ifi.'iOO P.PPP 

}* i?.Sno P.nno 

IS ?l.noo P.nrn 

l»^ ??.500 p. poo 

TTFi" oW^r^vm rnKPUTrn nin 

n.O p. POOP f.nnnp -n.nppp 

f.,prnn r.noPn 'i.nnon -T.nnnp 

ip.orpfi p.onri i.nrno -".onno 



iiJIIW OS l-i'\i 



Id on t*t'\l t di-iJI 



UJiSAi, JiU dUJ VJa'J IWiOJ. 



o'u 

0-0 


0*u 
0*0 

u'u 


u 




u 

(1 u 


u 
u 






u 




u 

u 
u 


u 
u 




J 


U 

U 
U 


u 

I 




•o 

"iJ 


'0 

•u 
•o 


in 

'ni'c 




0' 
0' 

I)' 


'U 
"0- 

'u- 




UO"H 

(ju'u 


6 



0*0 
0-0 

0-u 

0-0 


o'u 
u'u 

u'u 

0*0 
0-0 

u-0 


u 
(J 
<J 
u 



u 


(j 

u u 
c u 

U u 

U 






u 
u 
u 
u 


u 

u 


u 
(J 


u 
u 
il 
u 
(J 
u 




u 
u 
u 
u 
u 


U 
u 
(J 
tj 
u 


Si 


J 

u 
u 
J 
u 


u 
(J 
u 




u 


t. 
i 

i 
I 




b 

r 

X 


•j 
•u 
•u 

•0 

•u 
•u 


■ -0 
■u 
•u 
•u 
•u 

■tJ.Jt 


tik:-,; 
lift. 

tit -6 

tit* J 


1 


0" 
0" 

u" 

0" 

u ' 


'u- 

'0- 

0- 
u- 
u- 




oo'ii ■ 
uu'tt 
to* a 

OO'tt 

uu'ti 


9 

h 
£ 

T 


SJlVNItJtlOaD 






MUIiaiJfir 9IMIdiiN3 


1JNNWH3 








ISd3) 

indNi 


wjdv ntfdbiis 


lid) 

KidJi 


1 Q\l i\\ 


[1 j) 

lrfIXl,JX 


tlJ<IUII<^ 

NuixjHnr 


.- — 
































* ♦ » » ♦ 


V L V 


U 


N d I X 


D N II r 


* • * • • 
















b 




L 










U'd 




itu'u 

tlo'u 








OO'Utjh 
UU'Ullti 


'0V£ i 


tf 
i 








*6t£ 
■tit 
•feX£ 
•bit 

•6lV 








L 
t 




I 






- .^ 




0-a 

O'tJ 
0*9 


90*U 

ao'u 
iio'u 
q;o*o 


1 1 11 • 

1 1 u • u 
iiu'o 

k-tu'O 
1 1 u ■ U 


•u<;5t 






OO'Otih 
UU' UtID 

uu* otiti 
uu'unit 

Utl'dhh 
OO'uhii 


•OUiiJ 


4 

£ 

I 




dU H3lb. 
a30J3DX3 




OJS) 


xvm 




sqnJ 


iw 


SNOUD.Jiir 








(XJ) 

soiowa UAH 


XXlJClljA 


• dJOD 


(iJ Oi) 
ViMV 




(Xill 

HXuln 


(Xj) 
HXOIjJl 


(J3(iUnM 



tflVO TJfiNtfHD . 



(irt£is>o3-iv + (in<;)so3-y« + ci,i)suJ-^v * (inetNxs-Htf » (XH<;jNi!i-£v ♦ (irt)m>i-<;v t tw = ,r)H 






AU NJAiJ sx ijauJlA^^ii Jmx SdJim 



uu'tiS 

JbdlUUOItjJJ 



QUU'd- 



OUU'U 



DOO'U- 



uuo '0 



uou'Ci 



uuo'u- 



juu'u 



rjoixJ.aur iv j^Bfi hijmi ivjxx dUd sxnJiJxjjiuD 



loflu *u 



OOJWu- 
OUOO'u- 

ouau* li- 

DtlUu'j- 

ouao 'u- 



OUUD* J- 
U U J LP ■ u - 

OUlJU* u- 

uuuu'u- 
oouo'tj- 

OOOu'L- 



u ii u • ij - 

UUUll* j- 



OUUU *u 
001) li ' ^ 
DDuU'M 

UOOU'tl 

tioou'u 



OiJbu'o 
uuju* J 
u juu •« 

UUUU'u 

ouuu *u 

U U LI U ' U 



ouuu ■ U 
Ouuu* d 



ilUUU' a 
ODOU't; 
uouu * w 
uuuu *u 
uoou' u 



OOOU'ti 
UOUU'U 
UUQU'U 
UUOu'U 
OUIJU'tl 

oouu'u 



jonu ' ^ 
ouuij-o 



lOiUl 



juiju* le 

UUU^"6l 
JUO0"<il 



UOu(^'ET 

oujs'ui 

UUOu'b 

OUijS'Ii 
OUoO'k 



Juuu'bi 



{OiiNOD) -zi? 3iaVi 



TABLE 48. OUTPUT DATA FOR QUANTITY SIMULATION 



D ISSOLVED OXYGEN pnorlt.E 



F .P.ft. 

HrrrrviNG wftiFR htqpoutnamics 



STOPH INPUT?; AT J MOUfS 



DJVYLS 



Tinr MTSTriPT OF STAGF 



(iniiH 



JltfiCTIO^ t 

HF /^IMFCrT) 



HFArnrFTT 1 



■ ItlNCTION 3 

HF«ntFFF:T) 



JUMfTlOi'J t 

(irflnirFFTi 



JUMCTiON "i 
HFAntFErT J 



jnncTlon b 

HFAniFFFT I 



1 .0(1 
?.nn 

u.no 
'..no 



n.O'inn 



p.nnon 

R .ul"n 



e.nooo 

7.9609 

p. 01 7ft 

7.9n5ft 



n. oonn 

7.9fll9 

ft.Ol'^'i 
7.9ef.7 



s.onno 
7."»(!ii(a 

7.'3nfll 



B .onno 
P.nT'*6 
7,''n7<» 

f* . n(H7 

7.990^ 



H.no->t 
n.f)n'>ft 

7.9951 

r^ . P 'I a 
7.'»'>7,n 






f. .no 
7.nn 

10. on 

11.01 



A , noS? 
fl.nlJT 
7.qApn 

fl.noB? 

fl.O097 
7.a92n 



fl.nrtt? 
p.nnf-9 

7.q'n»'i 

A.oosn 

7,''''6M 



R.OI '(■' 
7.9'»A'> 

7.991Q 



fi.nct't 
0.0123 
7.9n92 

p.onfls 

7.90?? 



fl.on37 
A.oipn 
7.9int 

A.on75 
7.99?fl 



M*nr 

99I(J 

0** 7 



e.onfo 

7,9''q5 

n.nn»6 
r.oot? 

7,90fe3 



A.nott 
B.noJT 

7.996^ 



«.nn?9 
n.nnn9 

7.''Tl« 

fl.nn^'i 

7.9^^A 



p.nnt<i 

7."9?if. 

A. 0. 11 
7.997n 



n.oo^t 

?.99ft'i 

A.nn?6 
3.00<?t 
7.9976 



1?.nn 
li.r>n 
1 >< . m 

l«i,nn 

17. no 



p.onl? 
n.oo^f* 

7.997n 

B.OA'l? 

o.on?*; 

7.99fl9 



P. 0031 
7,9977 

p,no3'» 

p. 023 
7.99P6 



A.ftO^T 
P.00P7 
7.9179 
A.OO^I 

n.no?n 

7.''9flfl 



a. 0031 

«.0D3? 
7.99fll 

A.onpn 
e.ooif. 

7,9Sfl9 

fl.no?5 



n.oni7 

7,99A? 

M.00?2 

fi.noi? 

7.9991 



jp.tvn 

19.00 

?n.rn 
? 1 . 'in 
??.oo 
23.ro 



"pi, no 



A .no'jn 

«,0037 

7,9979 
A.on'»5 
p,on?9 

7.9991 

fl.oniti 



TABLE ^8. (CONT'D) 



TFST UTUrri 

f) I S.SOl. WF 1 1 OXTGEH PPni-II-f . 



r.P.A. 

RFCfTVINR WftTTR HYnnonyiAfics 



STORM INPUT"; AT :^ Mfinrs 



DAT IS 



**»** Tir-c nisTfiRY nr riou and vrtocTTT 



U5 



HOUR 



n.r 
l.nf) 



f,.rn 
7.nn 
n.nn 

in.ro 



11. "fi 
l?.nn 
1 i.nn 
l«t.on 
I'i.rn 

lA.PO 



17. nn 
in.pn 
l'».no 
20.f»n 
Pl.nn 



CHAWNtL 
Ft nw 

ICFSI 



1 ? 

VFL . 
(FP-^I 



CiiA'iMFU 
FLOW 
(CFSI 



"TTTTTT 

at. 00 



n. 
?i-5n. 



0^ 
10 



ft. to 

0.0? 

o.in 






Trrnr 

n.in 

0.10 

"h.lfi 
0.10 
0.10 



5M4. 

.146. 



-•T'nr. 

S-iO. 
^■52. 



n.io 
n.io 
n.io 
n.io 

0.10 

n.io 



n.in 
n.io 
n.io 
0.10 
0.10 
0,10 



vri.. 

(FPRl 



ctiflfjMri 3 4 rM/vMrlFL i 5 CHAWurL 5 !?• channfl f- 7 
Fi.nw vir. now "fl. flow ufl. fi ny vfl. 

(rF<i) (FPSI (fFSl (FPSI (CFSI (FPS) (CFSI <FPSt 



o.in 

0.10 



(>. 



^IP. 
^5f,. 



l?il. 

M7. 



St". 
311. 

.IMIt , 



n.io 
ft.iO 

(l.Ofl 

n.io 



fl.li> 
n.n"? 
n.io 
n.io 
0.0'' 
0.10 



TTHJ — 
n.o") 

0.10 
0.10 

n.io 
n.in 
-TV.1CI-- 
0.10 

p. in 
n.in 
o.to 

0.10 

0.10 — 



n. 
3Afi. 
57*;. 



TaT- 
S-jn. 

307. 
377. 



n.Ofi 
o.io 

o.n7 

0.11 



nr 
oa 
11 
10 

09 

n 



n. 

3f,?. 

377. 
300. 



TTTT 

31?. 

293. 
387. 



n, ns 
n.io 
(i.H 
O.or, 
0.11 



0.11 
o.nfl 
0.11 

n.na 

0.11 



n. 

30*.. 
'*0'4. 
?lt, 
M07. 



TfTTT 

Mn3, 
371. 

39"^. 



".O^i 

n.n 
fi.il 
o.nr, 
0.1? 



"nTTT 

n.n7 

n.in 
n.nn 

0.11 



3?n, 
37?. 

330, 
3fin. 



o,in 

0.09 
0.11 

0.10 
0.09 
P. 10 



311. 
3fl0, 
3^2. 
3?3, 
371, 



f>,in 

0.09 
0.11 

n.io 
o.n-' 
o.ll 



3tn. 

302. 

3n7. 
3r.3. 

3)7. 

3nn. 



n.09 
n.n 
n.io 
n.n" 
0.11 



34f,. n.io 



33^. 

31 fl. 
Stl . 

3«(<». 



p. 10 

p. 10 
0.10 
0.10 
O.in 
0.10 



319. 
331. 

3f.9. 
3«(7. 
337. 
3f.5. 



O.IU 
0.10 



3«f.. 
3M2. 



0.10 
0,09 
0.10 
0.10 

o.in 
0.10 

I ! , 1( 1 

n.in 



349. 
327. 
373. 
3'*fi. 
3 35. 
Sfefl. 
315. 
310. 



o.n<» 
0.11 
n.in 
0.10 
0.10 
r . 1 1" 
o.in 



n. 

i<?7. 
209. 



■TTtT 
?7ft. 

?71. 
•403, 



~3J^ 
296. 
393. 
353. 
31?. 
30'*. 



321. 
37f.. 
3't6. 
332. 
370, 
31 5 . 
33fl. 



0.05 
0.1? 
0.1? 

n.of, 
n.i? 



o.ll 

>l.07 

0.1? 

n.ti 
n.on 

0.11 



o.in 
n.on 
0.11 

0.10 

n.09 

0.11 



0.10 
0.09 
0.11 

n.io 

U.09 
0,11 

o,in 
n.in 



TABLE kS. INPUT DATA FOR QUALITY SIMULATION 



STORM INPUTS AT 71 fmuFS 



TfST RIVfR 

DissoLVEn oxvr,f:w profile 



fl.p.ft. 

DTNftMIC STORM WATER OUftLITY 



MAXIHIlt" JllMCTIO^' NHWliFR g 

PlflXTMUM rHAfiKF.L NUPREP P _ 

NUMBER OF OUfll.TTY CYCLES fER DAY 



?N 



ro 
o 



NlinPEP OF HAYS 5 

NUnPER OF JOHRTlTUrNTS 1_ _ _ 

LENGTH or RUftLITY INTFORftTlOM STEP (PECOMnSI 3^00, 



PRIMT IWTFHVftl . J nCYS 

FXCHHUnt RER^JIRFMF^IT_ AT OCEAN = RATIO OF FSTlJftFUMF FLOU RETUPWEP TO AMOLIMT THAT Ft.OWs OUT. P ER T IDAL CTCLF 1.0 

AVERAGE IJATFP TFrPFRATHRE (nERRFF*; CEf'TIGnAnEl 0.0 



THERE ARE 3 STORHUATF R I^PIIT JUriCTIOMS 

QUALITY CYCLE COKCEMTR ATIONS, PRTMTOUT STARTS IN TlflF CYCLE ? . 
PRINTED EVERY 1? HOUR ( S ) . FOR A TOTAL OF 7P HOURS. 



♦ * • « • SWITCH SETTIMGS » • * » * 



SWITCH NUffER 
SWITCH SFTTIN6 


1 

n 


2 




3 



1 


5 

I 


F. 




7 

n 


A 

n 





10 




INITIAL niSSOLVro OxYGFN COKCEMTRATinN<; (HGL), RY JUMCTTOH 



JlIflCTtOM 

1 TO "I o.AoQE 01 o.HOAE 01 o.pnoE oi o.flonr ni n.Anor ni n.PonF 01 o.flnoF m n.aoor a\ o.nnoE oi 



PISSOLVEO OXYGEN Cn^jrEfiTR ATTON riF TfjELIU ( HGL 1 . JUNCTinr' 



l?^M5678'»in 

JUMCTinf) 
1 TO <? o.pnOF 01 o.oonF oi (i.pnnr ii n.^onf oi n.pOOF "l p.aOof ni o.p.oof oi n.enor oi n.oooF oi 



TABLE kS. (CONT'D) 






Cnrj<:TITIlf MT MUnfiFn 1 



firn 



STTtK CfirtrFMTrftT KUU UGl (OR riPN/L ) 
HrAFRflTinrj CCFFFICFENT (l/nAY) n.lTin 



0.(1 



iiffflT rorrt TriEMT (l/DrtYi n.lo 

inSSOlVFn PxYfiEW FDR THIS CONSTITUENT IK roHSTlTUFNT 2 

INITIAL cnricrNTRflTirtrjs, in (Op mpm/l). by juwrTinN 
i 3 % 5 ', e ^ 7 



jtitirTiriM 

1 to 9 



JUfjcTInri 
1 rn 1 



n.o 



0.0 



0.0 



n.n 



Q.n 



0.0 



n.n 



r.o 



n.n 



nAP9 LOftDINOS, THOUSANDS f^F LnS/DBY (OR OF flPM/MIW). RY JUNCTIOM 
3 1 5 (i 7 8 9 



n.n 



n.n 



(1.0 



o.n 



n.n 



n.o 



n.o 



o.n 



n.o 



1 u 



1 n 



TABLE 50. OUTPUT DATA FOR QUALITY SIMULATION 



^TriRr' Tf^i'T" (\T ^ fintir S 






F.P.ft. 

PYMA"IC KTflPH WATFH ilinilTY 






ftvrp.^r-f .jimrTior' rnncF MTfiATTons. f'Gi. <0R ri-M/Lit Ptminn Tin^i PR Tiwr CYCLF i, rnusTiTUFNT tinwiirp ? poD 

jnr;cTinfi 

1 in "^ n.nonF ni n.p.onr ni o.iippf oi n.ft?iftf' ?il 'ff.pofip "nl" f);pof[riii fi.ofltif ni n.nOlH- Oi n.nnoF nl 

HAXiniJMS 



(DO) 



jMiirTion 
1 IP " o.f-aoF m o.flnnF oi n.nPOi ni n.finnr n: o.jioiif ni o.enor ni o.pnnr ni n.nnnr ni n.noor nt 

""' TiTNTMtrr^s' " 

M jnr T Til'; 
^ ^^ "" u.rnnr ni n.pnnr ni (i.pnnL ni n.ftonr or o.poof pi o.ponr oi Q.nnnr m n. floor m o.rnor ni 



jii'ir 1 lorj 
1 
? 



iMniT. fPUNns Pfo DAY, cori'^riTiiLMT NpfinrR l aT i.op homps oh n.nii nuts rnnw f^TAnt 
"lrs/day' ■ "" -..„..-., — 

O.fPQF O-; 



TMPiiT, PniPNP"= Prn pay, rnri^T itmcmt numrer i at ?,no hours or n.nn pay-^ from '^lr.v^ 

JUnrTTPn LPS/PAY 

_ _] n .ipnr nf. 

? n.irni. nf^ 

,1 n.i?uF oA 

ini'iiT, Pniifir:*; PFf Pay. COnnTITHENT tJllrtPPR l AT ^.oo HOURS OP n.i> PAyS FPOh i^TauT 



ju*'rTTPrj_ 
J 

P 



In'^/DAY 
n.l?7F Of 



iripMT, pnijripp Pro may, rniy'^TiTiJi nt tjiir»nFR i at u.oti HOimR or n.jT pays from ^iTfli'T 



JU'tf-TTPij- -■■■ 


Lt'^/rAT 


1 


n.???r 07 


^: 


n.???r (17 


%■ 


n.???f D7 



T"i-iiT. npuMP-^ rri' MAY, c'm;'^titi!LMT rjinnrp i at ?.n(i iinups or n.,-'! pay*^ Fnnfi '^,jf.m 



iii'if TTPfi 

1 






T 'TTPf T~P 1 1 iTFipr: I'Fk nAV, " r P^ F' TTTHttiT riimnri? I TTT r.Hfl uniiriif, — OTT n.," ' . PAV ; r t>nH i ^ T flu T 



JijfTT Tnn 
1 



t PP/PAT 

o.n 



• ■a^iui. 



TABLE 50. (CONT'D) 

tfST f<iurn f^f" nTni>''WATFU :innri 

aT''^somt:n ox Y^;r^| f^POFIit _ 

n^rf i\'ivir. wArr I' uuM ( r r 

STORM iriPUTS AT ? MnoEP 

JUMCTION CONLt"^JTPflTrO^''S■ fIRL (OR MPf'/L I . riUPlNG TIME CYCir (fflY) ?. OIPftLITY CYri F 1?, tifit ( SFC I ^iTpW. 



CONSTITUENT r'lJMnr" \ HOfJ 



1 ? J 4 ^ 6 ' P ^ 10 

JUNCTTOM 

1 TO =1 ^M,]5 "ifn.nfl '>^.2^ mj.?*^ h.';? l."*!! n.i't n.oi n.on 



CnMSTITUEfJT MI)MRF.K ^ 000 fOO) 



T ? ^ it 5 6 7 n 'J ] 

JUNCTION 

rs3 1 TO " -',"1 '*.?'' i».37 6.>»? 7.6? 7 .f1 7.99 fl.nn l.on 

N) - r • . . - -.-_...- 



JUNCTION COHrFNTPiMIOMSi "Rt (OR flPM/l ) . OURING TirF CTCl t (DAT? 2t QUALITY CYflF ?4 . TIMC (SEfl Bf^ton. 



rONgTITUCriT HUHnrn 1 UOD 

i ? ^ 5 5 6 7 ^i in 



JUNCTlOri 
1 TO ° t.O'i 62. f.'' 7n,71 fjS.Ti lFS.2n 13.5;? 3. so 0.07 O.lf, 



cnM<;TlTijEfiT MiiMRFU ; ; non <ont 



jutJCTTon 

1 TO 1 7.?1 3.39 ].11 2.?" <l.91 fi.fll 7 , ftf, 7.9? 7.'^'^ 



TABLE 50. (CONT'D) 



TrST RIVrR 



FPA STOf^nunTrn nonn 



PEmviNr. U*TrH fltlULlTY 



STORM tfJpHTS /»T S HftDfR 



J^t^JCTT^N coNrf-MtRMiOMSt f'Gi. inn riPM/i. ) . nuninr, jTnt cir\f roflvi t. oufli iTr cytif i?, timc (SFci ?ifinoo. 



CQM^TITUF.rJT MUMntR 1 BOO 



1 ? 7 <t S (, 7 ft Ijrr 

JUMCTTOV 

1 TO t o.n* n.?i jfi.95 Sy.pB iM.e? us. SI SfS.fl? ?3.?7 J?. 9ft 



CQMSTITUFf'T NMfinrR ? BOO 

1 ;> ^ 



(DPI 



jUnCTTO^ 

.1 IP f 7.J'_9_ T^.n^ .f ,.J9 1.06 O.OJi 0.05 n,^9 2.91 T>iiP.. 



10 



JUMCTION CCtMrtMTPATlOMSi 'IfiL (OR HrM/( I , nURIMR TIME CYCLF (HAYt H. QUALITY CYCl F St. TIHF (SFD ?59?00. 



Conr^TlTUFflT riKMRtR 1 HOn 

i ? ^ it S fe 7 n q TfT 
jUhsCTinr 

1 rr ° o.ni i,?"* fl.ot i9.'*.i ss.?? to. 79 59. 3p 50.67 pn.s" 



fOMKTITUMiT MUNfSFR ? yoD 
' ? '^ 



(POl 



r p ^ —h -^ g 7 ?5 T To" 

JUNCTION 
1 TO " P. OP 7,'i? 5,fl2 2.nfl 0.3«i 0,0^ O.n'^ 0.7ri 3.7t 



TAbLE 50. (CONT'D) 



STORfi TMPins ftT ? nnriF^. 



iiTSSonTn nvYGfrj pnnf TLf 



r.n.ft. 

DYNAMTC: STORM WATFR OlPfll.ITY 






jiiMCTinn _ „ _ .. _ _....-. .^ . 

1 TO "^' "o.^P^F n? n.TJfit h? o,77f,r n? o..^'i'tr n? n.]?tr np n.3i°r oi o.7mF nn (i,i:5?r no n.mr-ni 



umi 



1 TO T p.j7f.r (15 n.inur n^ o.9.i3t n^ n.fi'iiF 02 o.i5?r 0? o.is'ir 03 o.J'Jor ni n.fl75r no o.TiTr on 



JIINCTIPM 

1 TP 1 n.n 



1.0 



o.n 



PIIMTMDHS 

n.o 0.0 



o.n n.o 



n.o 



O.n 



ftvrpflpf .iiincTiot' rnricEriTPATions. ■<gl iop 'IPM/d. hurinf, Tinni op time r\cu ?» rnN^^TiTucNT MunnEP ? non_ 

7 ft 9 1" 



' 1 Tn 1 ^ o.'^AfiF PI n.uqjF nnr.T^ 3F " n i ' . s^Sf" n i " . 7? lif ' n iT. 77«.F oT'o . 79^ "r\ i o.7sqr 01 o.flnoF ni 



MAXIMUMS 



1 TO ''* n.79fF m o.79nt ni n.7'iflF "l n.nnoF oi n.nnnr 01 o.ennr 01 o.pnor ni n.soor 01 o.nnor ni 

■ •• MirTnun'^ " " 

JUMP T TOM 

1 TO " o.?^p7pf nj n.37m 01 o.iiiF ni o.3?ir ni n.^'n^ m o.Aflir ni n.7f.,t,c m n.792r m n.7Tqr ni 



TAdLE 50. (CONT'D) 



c;Tr)Rn TTJf'in^ n '^ "torjr'; 






E .r.A. 

PYMAfTt. STOI^M UftTF" ()ll/\l ITY 






AVCHAOr JlifCTlnn COrJCFrTHflTronS, fGl (OP MPfJ/Lli PUMIMG Iinfll op TIMF CYCLT H, COMFIITUrNT ^UMHrH 1 fmi 

1 ? S % S ft 7 M 1 in 

jUNcTinri __ „ .L „ _ 

] TO " n.^'ssr-hi n.q77r'ni oVStof 02 n.s?7r 6? n.ijiinr n? ^ 3^f "rt? o'.3if,f "n? n.??qF 0? n.i^ir n? 
MAX iwuris 



vMirirxinfj 
1 TO 1 r).??iF nn n.st?r 01 o,?rf.r n? o.mnr np> n.^?f.r n? o.t^'tr o? o..i9'»r r? o,3o7f 02 n.?nf,r n? 



MINI MUMS 

jurirTrnn 
1 in q n.7?ir-o? n.iTtc m n.nn'tEi ni p.iqitr na n.?33r n? n.^oaF 0? o.?65f n? p.i3Pr 0? o.i^nnr ni 



ftVFPAr.r juncTioN crtuctntf^ furious, hgi ior mptj/lii ourimg tidai op rrwe cycle m. con^itithent nufinFR ? 

3 



nnn 



jMrjcTTriN _ _ _ _ 

1 Tri "i o.'i^^'r ni" o.f.'inr" ni o.'i>?r (ti n.i?ir ni n.en^F-ni n.iinr 1]0 n.i n^r "n j n.297r ni n.-inir ni 

i^AXIHUM'; 



jiirirTKiN 

1 TO ' Q 



jKrjrTinn 
1 TO 1 



o.fanr 01 o.T-i^r m n.'ir.pF ni n.28>ir 01 o.?f.ir nn o.fiior no o.^onr rii n.s.^ir m (i.f.'^of ni 

riiMrfiiJns 
n.7inr ni u.f.i7r ni o.2rf.r m n.SMnr-oi n.'nnr-ni n.dgpr-ni o.M'?iF-nl n.A^i^r no n.pT'M 01 



APPENDIX A 
DATA ANALYSIS PROGRAM 
USER'S MANUAL 



DATA ANALYSIS PROGRAM 

A. 1 Introduction 

The meteorological data requirements of both the SWMM and STORM 
models may be quite extensive, depending upon the number of events simula- 
ted and the degree of modelling detail. The STORM model usually employs 
several years of hourly precipitation and temperature as a data base, 
while the SWMM requires short interval (often five minutes) rainfall data 
for each event simulated. Organization of large amounts of meteorologi- 
cal data will often be necessary, creating opportunities for both random 
and systematic errors which may lead to poor simulation and greater 
de-bugging efforts. The most important source of meteorological data for 
real storm simulation is the Atmospheric Environment Service (AES) , a 
division of Fisheries and Environment Canada. 

The Data Analysis Program was developed to interface the Urban 
Runoff models with existing meteorological data banlcs, and to create and 
manage a data base of precipitation and temperature data. The program Is 
capable of operating on hourly data and also on short interval data with 
any specified time and volume units. However, since the preparation of 
input data for the SWMM is not too onerous a task, it is expected that 
the major benefit of this program will be to prepare large amounts of 
hourly data for use with STORM. It uses data from the CI imatological 
Data Banl<L of the Atmospheric Environment Service. Data may be supplied 
on cards, tape or disc storage forms, but the data sets are referred to 
as Card Type 3 (or 4) Data, 

The Data Analysis Program is made up of three separate programs 
which may be used individually or in combination to perform the desired 
operations. Disc storage is used during the processing within each 
program, and cards, tape or disc may be used to store output from each. 
Together, the three programs may be used to perform the following tasl^s; 

1) Read, screen and punch hourly rainfall data from AES tapes 
into the format suitable for input to STORM 

2) Combine, plot, perform mass curve analysis on several gauge 
records, punch in format for SWMM or STORM input, and 
summarize storm events. 



A. 2 Computer System Requirements 

The Data Analysis Programs can be run on a machine having core 
storage capacity of at least 150K bytes (or equivalent) In addition, 
the program uses peripheral storage devices which may consist of disc, 
tape or drum units, depending on the machine configuration. 

A, 3 Job Control Language (JCL) 

The assignment of logical units requires, in general, the 
provision for files to be written on specific physical devices. To 
accomplish this, the user must supply the necessary JCL. As a rule, JCL 
is highly machine dependent; in fact, it often differs on two identical 
machines at different installations. Therefore, the Data Analysis 
Program cannot include JCL that is universally applicable. The following 
remarks, however, may be useful in gaining an insight into what is 
involved on systems such as an IBM 370/168. 

Of the three programs, the Data Bank Processing program 
requires the most extensive job control instructions. Thus, a sample of 
the required JCL for this program suitable for an IBM 370/168 is given in 
Table A.l. The following is a description of the logical unit numbers 
used in Table A. 1 . 

- Units 1 and 2 are scratch data sets. 

- Units 3 and k contain the information from the AES in 
either card or tape form. 

- Units 5, 6 and 7 are the reader, printer and card punch, 
respectively. 

- It should be noted that a disc sort of Units 1 and 2 Is 
required for the field comprised of columns I through 7. 
Most computer facilities have a disc sort utility available. 

A.k Program Operation 

Figure A.l shows the relationships between three programs. The 
"Data Bank Processing" (DBP) program reads data directly from AES data 
bank, performs reading and screening functions and outputs processed pre- 
cipitation and temperature data. This data may be directly entered into 
the user data base or input to the "Rainfall Analysis Program" (RAP) for 
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TABLE A.I. SAMPLE JCL FOR DATA BANK PROCESSING PROGRAM 



0001 //DAP JOB (PR930),PATAKY 

0002 //DBA EXEC F4HCLM,PARM. F0RT=' SIZE=300K,N0S0URCE,N0MAP' , 

0003 // PARM.LKED='LIST,MAP,LET' 

0004 //FORT.SYSIN DD UNIT=TAPE9,V0L=SER=MASTER,DSN=AES1 , 

0005 // DISP=(0LD,PASS),LABEL=8 

0006 //GO.FTOIFOOI DD UNIT=SYSDA,SPACE=(TRK, ( 10,10)) ,DSN-&RAIN, 

0007 // DISP-{,PASS),DCB=(RECFM=FB,LRECL-80,BLKSIZE=800) 

0008 //G0.FT02F001 DD UNIT-SYSDA,SPACE-(TRK, (10,10) ) ,DSN-&TEMP, 

0009 // DISP=(.PASS),DCB=(RECFM=FB,LRECL=20,BLKSIZE=800) 

0010 //FT03F001 DD DSN=AESTYPE3,V0L=5ER=111111 ,LABEL= (2 ,BLP,IN) , 

0011 // UNIT=(DUAL,, DEFER), DCB=(LRECL=80,RECFM-FB, 

0012 // BLKSIZE=1600,DEN=2) 

0013 //FT04F001 DD DSN=AESTYPE4 ,V0L=SER-111111 .LABEL- (4,BLP , ,IN) , 

0014 // UNIT=(DUAL,, DEFER), DCB=(LRECL=80,RECFM=FB, 

0015 // ELKSIZE=1600.DEN=2) 

0016 //FT06F001 DD SYS0UT=A 

0017 //FT07F001 DD SYSOUT^B 

0018 //FT05F001 DD * 

(DATA BANK PROCESSING CARD GROUP 1) 

0019 //SORTFTOl EXEC S0RTD3 

0020 //SORT.SORTIN DD DSN=&RAIN, DISP=(OLD, DELETE) 

0021 //SORT.SORTOUT DD DSN-&SRAIN,DISP=( ,PASS) ,UNIT=SYDA, 

0022 // SPACE-(TRK,(10,10)),DCB=RECFM=FB,LRECL=80,BLKSIZE=800) 

0023 //SORT.SYSIN DD * 

0024 //SORT FIELDS=(1.0,7.0,CH,A),SIZE=E1200 

0025 //S0RTFT02 EXEC S0RTD3 

0026 //SORT.SORTIN DD DSN=&TEMP,DISP= (OLD, DELETE) 

0027 //SORT.SORTOUT DD DSN=&STEMP,DISP=( ,PASS) ,UNIT=SYSDA, 

0028 // SPACE=(TRK,(10,10)),DCB=(RECFM=FB,LRECL=20,BLKSIZE=800) 

0029 //SORT.SYSIN DD * 

0030 SORT FIELDS=(1.0,7.0,CH,A),SIZE=E12OO 

0031 //DBPl EXEC F4HCLM,PARM.F0RT= 'SIZE=300K,NOSOURCE,N0MAP ' , 

0032 // PARM.LKED=LIST,MAP.LET' 

0033 //FORT.SYSIN DD UNIT=TAPE9,V0L=SER=MASTER,DSN=AES2, 

0034 // DISP=(0LD,PASS),LABEL=9 

0035 //GO.FTOIFOOI DD DSN=&SRAIN,DISP=(OLD, DELETE) 

0036 //FO.FTOIFOOI DD DSN=&STEMP,DISP=(OLD, DELETE) 

0037 //FT06F001 DD SYSOUT=A 

0038 //FT07F001 DD SYSOUT=B 

0039 //FT05F001 DD * 

(DATA BANK PROCESSING CARD GROUPS 4 AND 5) 
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further processing. The "Short Interval Rain Data Processing" (SIP) 
program operates independently of the other two programs, and uses 
manually digitized recording rain gauge data as input. 

The first two programs (DBP and RAP) operate on hourly data 
contained in the AES data bank. These programs satisfy the long-term 
simulation data requirements for precipitation and temperature, and 
provide output in a format suitable for direct input into the STORM 
program. The third program processes rainfall data of any time interval, 
and its output is in SWMM format. 

A. 5 Data Bank Processing 

The AES data bank uses 21 card types, or data formats, to con- 
tain the entire c1 imatologicai archives. Of these card formats, Card 
Type 3 and Type k contain the hourly precipitaion and maximum/minimum tem- 
perature data required for modelling, and are used as input to the Data 
Analysis Program. These raw data may be ordered from the Atmospheric 
Environment Service either on tape or cards for the desired period. The 
card formats are given in detail in Appendix B. 

A.5J Card Type 3 ~ Recording precipitation gauge data 

This card contains total precipitation, hourly precipitation, 
and maximum precipitation amounts for specified durations, for each day. 
Type 3 data are available for over ^tOO stations in Canada. The hourly 
rainfall data on this card are used by the Data Analysis Program, Most 
recording rain gauges in Canada operate from April through October, For 
continuous simulation outside of this period, the precipitation record 
must be filled in with data from another source, the Type A Card. 

A. 5. 2 Card Type k - Summary for the cl iwatologtcal day 

This card contains data on temperature, relative humidity, 
precipitation snow depth, weather and wind. Six or twelve-hour rainfall 
is recorded from standard rain gauges, and snowfall is reported separate- 
ly. The rainfall data on this card is used in cases where Type 3 data 
are missing or during period while the recording gauge Is shut down. The 
maximum and minimum temperatures for the day, as well as snowfall, are 
used in snowmelt computations. 
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A. 5. 3 Input and processing 

Figure A. 2 shows a functional flow chart for the Data Bank 
Processing Program,: 

The Data Bank Processing Program first reads and prints the 
desired starting and ending date for reading and processing the data. 
The program then reads Type 3 Card data on either cards, tape, or disc, 
and senses over-punches {used for freezing precipitation). Freezing rain 
is flagged with a printed message, and the program assumes zero rainfall 
in that hour. This "zero" hour may be subsequently revised if valid Type 
A data are available for that day. It should be noted, however, that 
Type 3 data may be processed even if Type k data are unavailable and that 
non-zero Type 3 data are always used in preference to Type k data. The 
program then stores the precipitation file on disc. Next, the Type h 
data are read and checked for overpunches, invalid characters, and are 
stored in a second working file. These files, which contain the screened 
Type 3 and Type k data, are then sorted into chronological order. 

The program then reads in a job title, and start and end dates 
for further data processing. These may be different from those used for 
reading the rav^ data. Maximum and minimum values for temperatures are 
read to check for obvious keypunching errors. Default maximum, minimum, 
and average temperatures are read in to be used when temperature data are 
missing for a particular day. Finally, output plotting and punch controls 
are read in. 

The program then proceeds to read the screened Type 3 and Type 
4 data from the working files. These data are then combined to create 
the screened and processed precipitation file. This is done by calcula- 
ting the cumulative six-hour rainfall for Type 3 data and comparing it to 
the corresponding Type ^ information. If it is less than the Type k 
data, an hour-by-hour scan of the Type 3 data Is conducted for hours of 
zero precipitation. If these are detected then a uniform amount of rain- 
fall is added to each of these "zero" hours such that the six-hour Type 3 
total will equal the Type k total. In this manner, the Type 3 hourly 
precipitation record is supplemented to correct for missing or invalid 
data previously set to zero during the screening process. If Type k data 
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have not been processed the program automatically skips this procedure. 
Generally speaking, Type k data are used if winter precipitation and 
temperature records are required to model runoff due to snowmelt. 

The details for data deck set-up and input variable formats are 
given in Figure A. 3 and Table A.2, respectively. 

A.S.'* Output 

Tables A. 3 to A. 7 and Figure A.^t show typical output from the 
program and are referred to in Figure A.2, 

Table A. 3 shows the starting and ending dates for reading of 
raw data. Type 3 messages are occasioned by invalid characters or 
overpunches and the program assumes zero precipitation for these hours. 
A listing of the offending card is printed immediately following the 
warning for investigation by the user. Type h data messages follow next. 

Table A. 4 gives a listing of the contents of the Precipitation 
File containing both Type 3 and Type ^i data, before processing. On each 
printed line is the record number, six-figure date, code indicating which 
card type the data was taken from, and the precipitation data in hourly 
or six-hour totals, depending on the card type. 

Table A. 5 lists the contents of the temperature file made up of 
Type k data before screening and plotting. 

Table A. 6 shows the completed precipitation file after process- 
ing. Hourly values shown here are made up from the data shown in Table 
A. 4. 

Table A. 7 shows the screening results from the temperature 
file. The pertinent control and screening values are shown at the top, 
followed by the file data and self-explanatory messages. Figure A.k 
shows a plot of dally maximum and minimum temperatures from the screened 
file. The user should investigate any values which appear to be signifi- 
cantly "out of range" for the time of year and location. 

The DBP processing may be performed for each of a number of 
stations, resulting in an output file of processed precipitation and 
temperature data for each station. This output is in a format for direct 
input to the Rainfall Analysis Program or the long-term simulator STORM, 
for model I ing. 
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Card 
Group 


Format 


Card 
Columns 


Description 


Variable 
Name 


Default 
Value 


1 


216 
17A4 


1-6 
7-12 
13-80 


Starting date of processing 
Ending date of processing 
Title Card 


ISTR 
lEND 
TITLE 


None 
None 
Blanks 



Type 3 meteorological data 
on cards, tape or disk 



1 



Type 4 meteorolonical data 
on cards, tape or disk 



NOTE- This portion of the program processes and stores valid information on 
disk between the dates specified. Of this information, all or part of 
it may receive further processing according to instructions in card 
group 5. 



20A4 



1-80 



Title Card 



TITL 



llf, 1-6 Starting date 
7tf 7-12 Ending date 

13-15 Default maximum temperature 

(°F) 

16-18 Default minimum temperature 

19-21 Default average temperature 

(°F) 

22-24 Warning maximum temperature 

25-27 Warning minimum temperature 

28-31 To suppress temperature plot 

versus time enter any non- 
zero integer 

32-34 To suppress punched output in 

STORM format enter any non- 
zero integer 



IPNCH 



Blanks 



ISTR 


None 


lEND 


None 


DEFLTl 


50 


DEFLT2 


» 
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32 


MAXT 
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MINT 





IPLOT 


a 
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TABLE A. 3. DATA CHECK MESSAGES 
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A. 6 Rainfall Analysis Program (RAp) 

The Rainfall Analysis Program was developed to accept as input 
the processed precipitation records of various gauging stations and to 
combine these records into a single record according to input weighting 
factors. It will further summarize all storms in the synthesized record, 
and produce mass analysis and double mass analysis plots of the input 
gauge records. 

A„6.1 Input and processing 

Figure A. 5 shows the functional flow chart for this program. 
The program first reads in a title card for the job, then the number of 
gauge records to be input and the year are read. At the same time, 
weighting factors for each gauge are read. These factors may be in any 
units, and the user may compute them using distance to centroids, 
Theissen polygon method. Normal Ratio method, or any other desired 
method. 

The program combines the rainfall records of each gauge using 
the following formula: 



P = 



P, X, + P, X- + ... + P^ X^ 

1 1 2 2 n n 

n 

i = E X. 

1 ' 



where: P is the combined precipitation, 

P. ... P are the individual gauge precipitations, 
X. ... X are the weighting factors for each gauge. 

Control variables for punched output, storm summaries and storm defini- 
tions are next read in. The program then reads in the gauges for which 
double mass analysis is required. These gauge numbers refer to the order 
in which they will be read in. 

The final input is a gauge title card, and the complete rain- 
fall record for each gauge. The program processes information in periods 
of up to one full calendar year at a time, and then repeats the analysis 
for subsequent years of data if required. 

The details for data deck set-up and input V:3riable formats are 
given in Figure A. 6 and Table A. 8, respectively. 
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STOP 
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Plot Mass 
Fiqure A. 8 



Weighted record - Table A .9 



-► JStorm Summaries - Table A.io] 



FIGURE A. 5. RAINFALL ANALYSIS 



?^e 



A. 6. 2 Uutput 

Tables A. 9 and A. 10 show the printout of control information 
for processing and output, and list the input gauge records. In this 
case, two gauges have been read in„ 

Figure A. 7 shows the mass analysis of both gauges. If five 
gauges had been used, this plot would represent the mass curve for one 
gauge versus the average for the four other gauges. 

Table A. 1 1 shows the resulting weighted average precipitation 
record. 

Table A. 12 is part of the storm summary for the study area. 
Each storm event is identified according to the printed definition, and 
information on timing, antecedent conditions, duration, and rainfall of 
each is printed. This summary may be useful in identifying critical 
events in a long record without even proceeding with long-term 
simul at ion. 

A.6o3 Other uses of the Rainfall Analysis Program 

The Rainfall Analysis Program may be used to obtain a storm 
summary and a plot of the precipitation mass curve, for a given gauging 
station simply by setting the weighting factors of all other gauges to 

zero. 

The program may also be used to reduce or increase the rainfall 
records of any gauging station by supplying a second gauging station with 
no rainfall record, but having a weighting factor other than zero. This 
feature may be desirable to account for altitude or other physical diffe- 
rences between a given study area and the gauging station to vyhich the 
correction is applied, 

A. 7 Short Interval Rain Data Processing 

Detailed simulation using the SWMM model requires short inter- 
val (five minutes or less) rainfall data as input. Data in this detailed 
form are available only from the individual rain gauge strip charts 
stored in the AES archives. These data have not been digitized or key- 
punched as have the hourly data. For a single storm simulation, manual 
preparation of this rainfall data is most efficient. However, when simu- 
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latlng numerous storm events, such as in the case of a lumped SWMM study, 
the work involved in handing these data may be quite arduous. 

The Short Interval Rain Data Processing program has been 
developed to accept digitized rainfall records in any units of rainfall 
amount and time, and to compute the weighted average of several gauges, 
as well as punching the resulting hyetograph in any specified time inter- 
val. Factors are read in to convert the data to absolute values. For 
example, with a gauge sensing 30 hundredths of an inch of precipitation 
in a five-minute interval, the input may be 30 and a factor of 0.01 used. 
The punched output is in a format for direct input into SWMM. 

A. 7.1 Input and processing 

Figure A. 8 shows the functional flow chart for this program,, 
The program first reads in a title card, then the time interval for the 
input values and for the desired output. At the same time, the conver- 
sion factor for rainfall, output control, and the number of gauges is 
also read. 

The weighting factor, in the same sense as for the hourly data, 
and the rainfall information for each gauge is read in. For a recording 
tipping bucket rain gauge, which places a data point on the chart for 
each tip, the input information may be the number of data per five-minute 
chart division and the bucket volume becomes the rainfall factor. 

The details for data deck set-up and input variable formats are 
given in Figure A. 9 and Table A. 13, respectively. 

A. 7.2 Output 

Tables A. 14 to A, 16 show the output from this program for a 
typical storm event. Control information is printed followed by a 
listing of the input values. 

The cumulative rainfall amounts are computed and printed, and 
the output hyetograph in inches per hour is printed for each of two 
gauges. The combined weighted hyetograph is listed last, and may be 
punched in SWMM format. 
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TABLE A. 8. RAINFALL ANALYSIS PROGRAM 



Card 




Card 




Variable 


Default 


Group 


Format 


Columns 


Description 


Name 


Value 
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20A4 


1-80 


Title Card 


TITL 


Blanks 


2 


414, 


1-4 


No. of gauges to be combined 


NGAUGE 
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6F8.0 
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Year to be processed 


wn 









9-T6 


Weighting from gauge no. 1 


D(l) 


1 






16-24 


Weighting froin gauge no. 2 


D(2) 






414 1-4 If punched output required 

entry any non-zero integer 

5-8 If storm summary required 
enter any non-zero integer 

9-12 Total inches of rainfall which 
defines a storm 

13-16 No. of consecutive dry hours 
which terminate a storm 



615 



1-5 If double mass analysis 

required for gauge no. 1 
enter any non-zero value 

6-10 If double mass analysis 

required for gauge no. 2 
enter any non-zero value 
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■i 
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Gauge title card 



8X,24I3 9-11 Hourly rainfall data in 

12-14 STORM Format, one card per 

day ended by one blank card 



Blanks 



None 



WTE: Card groups 5 and 6 should be repeated for each gauge in the order 
specified in card group 2. 
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TABLE A. 8. (CONT'D) 



Card Card Variable Default 

Group Fonnat Columns Description Name Value 

NOTE: Include card groups 7 and 8 only if subsequent years of card group 6 
data are to be analyzed using the control information given in card 
groups 1 to 5. 



7 14 1-4 Year to be processed lYR 

8 Repeat card group 5 and None 

6 for each gauge for year 

____^ given in card group 7 

NOTE: Repeat card group 7 and 8 as often as required 
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TABLE A. 9. RAINFALL ANALYSIS CONTROL DATA 
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U 


G 


G 





G 


G 


G 





G 








G 


G 





G 


U 


U 


K 








73U7i"> 





u 





15 


22 


3o 


G 


7 


3 


I 


G 


u 


G 


U 








"1 





5 








C 








7i0727 


1 


w 


G 


(J 


G 


G 





G 


G 


Li 


G 


G 


<• 


G 


G 


« 


3 


I 





G 


G 


u 


G 


G 


/ JQSUi 


78 


7d 


11 


10 


J 


G 


G 





G 


G 


G 


G 


^ 


G 


G 


G 


G 





G 


G 


G 








G 


7 JGd LO 


U 








'J 


J 


G 


G 


G 


U 


G 


G 


G 


u 


G 


7 





V2 


n 


G 


G 


*3 








G 


f i vj rt £ 








& 


Q 








G 





G 





G 


G 


L 


G 





G 


G 


G 


V 


1 


G 








G 


nov LH 


■J 


7 





1 


1 


( 





G 


I 


G 


c 


G 














G 





C 


G 














M09^3 








c 





G 


G 


G 


G 


i'. 


17 


tt 


G 


G 


3 


G 


G 


G 





G 


u 





G 


• 


u 


731002 


J 


i 


'^ 


3 


iG 


H 


G 


I 


u 











G 




















. 4 


31 


'i 





i 


7J1013 





u 


u 


u 


G 


(1 


G 


G 


u 


u 


L 


u 


u 


G 


G 


1 


13 


4 


1 


^ 


G 





'I 


u 


731017 





u 








U 











G 


G 


c 


G 


G 





G 


G 


G 








G 


G 








1 


7?iU»V 





u 





u 


G 





G 





C 


G 


G 


G 


1/ 





3 


2 


*j 


2 








G 


G 


G 





7310iH 





i 


I 


1 


u 


1 


1 


I 


G 





G 


G 


G 


1 


4 


1 


<> 


'/ 


12 


L 1 


I'. 


11 


i. 


i 


731.0JO 


u 


lt> 


i; 


CJ 


G 


i 


H 


U 


£ 


I 


u 


6 


/ 


3 


'. 


i. 


1 


I 


b 


2 


2 












TABLE A. 10. RAINFALL DATA 



uAOGE iJUCotr* c 






OAL; 


GL 


aui 


su 


^E b 


TUC 


Y i 


Ut/ 


\ 


i<^L; • 


^-iUh 




























/30<.0^ 


u 


X 





u 


1 


u 


1 


I 





i 


4 


1 


4 


4 


1 


2 


5 


2 


1 


I 


i 


1 








730404 


1 


U 











u 








G 











u 








2 


4 


5 


4 


3 


1 


2 


2 


1 


00410 





u 


u 








u 


L 








u 


u 





u 





2 





2 





u 


y 


u 





u 





7 30419 














u 





c 


3 


i 











u 




















G 





u 


u 





7304^; 























G 


c 


1 


3 


1 


i 


4 


3 


4 


2 


7 


6 


n 


<^ 


12 


14 


5 


730501 





1 





a 


u 








u 


10 


11 


3 





i 





u 


u 





1 





u 














/30504 








1 


u 


u 











L 





1 








1 

















c 


G 








1 


73050V 























u 
































G 














3 


7^0511 


u 








u 


1 


4 


1 

















u 





























u 





730515 








^ 


i 





u 





u 























u 


c 


u 




















73u5<;0 








u 





u 


u 


u 
































u 

















1 


/30531 


3 


i 


1 


1 


i 


5 


























u 


























1 


730603 














u 



































i 





u 

















73a606 





J 














u 














(J 




















1 

















730609 


D 











1 


I 
























































/3u616 


u 


u 





u 


u 





2 


2 


5 


u 























u 




















730618 


2 


2<! 


12 




















u 


u 


u 

















c 


Ci 

















7306<l4 














7 


7 


6 








b 


u 











G 


























G 


7306t7 














u 











c 











il 














1 














4 


1 


730701 














1 


u 
























































7 307 12 





u 





u 


u 


u 











u 








<j 











u 


u 








u 








lu 


730714 


3 


2 


























c 




















u 











(J 








7307^6 























u 


u 











u 











u 





30 








13 








7307^8 
































I 


I 


1 

















u 


G 














730»10i 














u 























u 




















4 














7308 11 





























(J 








u 

















5 


u 











G 


730917 











u 


























u 








1 


1 


4 


7 


2 


c 





12 


9 


7309^;' 








H 


n 


1 





15 


25 


3 


u 








Li 


16 














u 





u 











731001 
































c 
































u 





1 


731004 


u 


u 








Q 


u 








c 




















1 


3 























731016 




















u 

















u 


1 














u 


G 













/31016 


u 








2. 


2 








3 




















1 


























c 


731C27 







































































I 


nioi-s 





u 





14 


ti 





4 


2 











1 


4 


7 


7 


7 


e 


11 


22 


18 


7 


1 


7 


2 


O1031 


u 








LI 


u 


u 














2 























4 


7 


4 


9 


5 


7 






TABLE A. 11. WEIGHTED PRECIPITATION 

bWMM - utiT Tu-<l)NTU STUl-V AKti 

kcSULTl-Jb KAHF-ALL INFuKKAUUJ K.^ S I UIjY fiKtA 



c 


730^01 





























IL 


(i 





1 


n 


n 








y 


(J 


C( 


c. 








c 


c 


/3U'rO<; 





1 


u 


u 


I 





I 


1 


u 


1 


^ 


1 


1 


2 


I 


1 


3 


! 


I 


1 


1 


1 





u 


L 


7JO'.03 


L 


1 


1 


1 


1 


1 


1 


u 


u 


1 








L 














y 








y 


y 








C 


7 H)'tO't 


1 






































u 





1 


i 


3 


2 


2 


1 


I 


1 


1 


c 


/3r.<.0i. 


















































y 


y 








y 


y 








c 


730<tlO 

















y 


























1 





1 





IJ 














u 


c 


7j0'.16 



































y 

















y 





1 


y 





y 





c 


73LK.1V 











a 


u 








2 


1 








y 























c 


y 





y 





c 


730^22 
































2 





1 


y 














' 











y 





c 


730<.Z7 























u 





1 


2 


1 


2 


2 


2 


2 


1 


4 


•'* 


5 


^ 


7 


h 


3 


c 


Tsu^-as 


1 








I 























1 




















y 

















c 


730iCl 





1 














■ 





6 


/ 


2 





1 








u 


G 


1 




















c 


730^0^ 


















































y 


y 


y 





b 











c 


730iiO'. 








1 








u 








u 


y 


1 


u 





1 








y 


y 








y 








1 


c 


73iJ508 





u 























y 





5 


5 


1 





1 


y 


<: 


} 








4 


I 





c 


/30t>0<) 





(J 















































u 

















2 


c 


730510 






































y 











■ 





26 





7 


2 


4 





c 


730311 





G 








1 


2 


1 











y 


























u 














c 


TiO^li 


2 























y 








u 


y 





G 





y 


u 

















y 


c 


73U315 








1 


1 












































y 

















L 


/30Pi6 
































y 


























2 


1 











c 


730320 














a 









































y 














1 


c 


M0d21 


1 





2 


1 


u 

















y 









































^ 


7iUjil 


2 


2 


i 


1 


5 


j 














y 























y 


u 











1 


c 


MOoOl 





2 


1 















































y 

















c 


730603 




















u 











y 

















1 


u 




















c 


73060b 























2 















































3 


c 


7 3 U 6 6 
























































1 

















c 


/jObO ? 


I 

















(J 




















(1 





























u 


c 


7 30609 


■0 











1 


1 





u 


G 















































c 


7jnol2 




















u 











2 


1 


1 


1 











u 


y 





u 





y 


y 


c 


73Ubl6 








u 











1 


1 


3 















































c 


73061 7 











u 











u 


















































c 


730tl8 


I 


13 


7 















































a 














u 


L 


n062^ 






































2 


13 
































c 


730t,2'r 














t. 


4 


4 








4 




















c 























c 


?3U626 





























u 
































1 











c 


730627 





















































1 





u 








2 


I 


c 


73062d 


1 


1 








L 








y 























23 


4 

















a 





c 


730/01 





y 


u 





1 











L 















































c 


73070^ 


















































1 


3 




















c 


/3^j7li 

















u 








u 






































u 





6 


c 


730/13 

































































6 








c 


7 30/14 


2 


1 














u 





u 


u 












































c 


7 30/^5 











6 


'J 


14 
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1 
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1 





/: 

















c 


/3y/26 





u 





(J 








y 
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y 




















la 
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y 


c 


730/2/ 























u 





y 


IJ 
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I 


I 




















c 


7307?fl 











(J 
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c 


/lOoOl 


31 


31 


'l 
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u 
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730M02 
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7 3GalO 
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OS 
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TABLE A. 12. STORM SUMMARY 



STAKIEU l*:.t^ Ins. 't MlH, -^ b.'.Y, i huUR 

i:'*Ui;u sJ.'. iHt *! y,lr, j iJ"Y . i Hlilj'< 

TU'Al. UUKAflUJ 1 "i HiiU'<i= JJ 

TUlAL HAllSiFALL IN riU.^iJiit u ThS U*' rjC'iti= i4 

KAXir.UK INTENSITY !i, HUfJUKEUTHi UF IT.CHcS >^Ek hLUrt- 



STAHTEL UN Tnc <# MTH, if Di.Y, 1 C HObrt 

AUTtCELtiViT ukY L/AVj^ l.dLD 

ENL/tD O-'-J THE 4 MTn, i. OAY , cA HOUR 

TOIAl UkjRAflU'J Jfi nu.U'<S'' ■> 

TUTAl. KAli'.FALL IM HLfitLrtfcU Tlti. OF I.\CMdS= l*. 

/■lAXlMUM ItjTLr.SITY \H hljNOr<LUTHS Of INCHCS t^cK HLU« = 



STAKlcC UN I he 't f.Tli, 11 ljAY, 10 HOUR 

Ar.rtvKL/CijT C.KY UAY:>^ i£.3^5 

tiJDtO or. TmH *. KTm, ^a OAY, 4 HOUR 

TOTAL LUHATIUN IN HULKS' i^ 

T'^TAL nAlNFALL 1 .■( Ht.4UHEuTiii uF l.-4CHtS= 't O 

MAXI^UM INlENilTY IN HUNUKtjTHS GF UJCHtS PtR H(jUM = 



STGKM NU;-b6K 



SrAkftL GN The b MTH, 1 uAY, 4 HOUR 

ANTLLEDtNT UM UAYS^ J. 16/ 

ENlJtO UN THe 5 KTh, 1 DAY, 13 H^JU:^ 

TuFAL UUKATION I'J MUU^b- "j 

TOTAL RAINFALL IN HUKUKtLiTMS UF lr<ChFS= 16 

^'AXIMUM INTfcUSlTY IN HUMjKFLTHS GF li\,CHtS ^S.K HGUR = 



ilURM NUi'^fctK 



STA^TtD CW THt i MTri, / uAY. i\ hOU« 

AiMrtCtL-i-NT U»<Y DAYS* V.'la 

E.'JOtU Oi» Thfc "3 KTH, ^ DAY, il HCUfi 

TulAL UukATIUN in MUUkS- I 

TGIAk. kAI.-.FAlL in huNCiKlDT s u! 1i^ChlS= o 

MAXIMUM INTENSITY IN hUNuKLUTuS [JF 1 f^CHF S PtH HLUK = 



TABLE A. 13. SHORT INTERVAL RAIN DATA PROCESSING CARD DATA 



Card 
Group 


Format 


Card 
Col umns 


Description 


Variable 
Name 


Default 
Value 


1 


80A1 


1-80 


Title Card 


TITLE 


Blanks 


2 


315 


1-5 


No. of rainfall observations 


NOBS 


None 






6-10 


Time Interval of input rainfall 
(minutes) 


INTIN 


None 






11-15 


Time interval of output rainfall 
(minutes) 


INTO 


None 




F5.1 


16-20 


Conversion factor from given 
rainfall units to inches 


VAL 


None 




215 


21-25 


If punched output in SWMM format 
required enter any non-zero integer 


IPNCH 









26-30 


No. of gauges to be combined 


NGAGE 


None 



NOTE: The number of observations and the time interval between values must 
be the same for all gauges to be combined. 



F10.2 1-10 



Weighting factor for gauge 1 



WT(1) 



1.0 



* 10F5.2 1-5 



6-10 



Rainfall information for first 
time period for gauge no. 1 

Rainfall information for second 
time interval for gauge no. 1 



HYETl(l) 0.0 
HYET1(2) 0.0 



NOTE: As many cards as required may be used in card group 4. Card groups 3 
and 4 should be repeated for each gauge as specified in card group 2. 



259 



TABLE A. 14. SHORT INTERVAL RAIN DATA PROCESSING PROGRAM CONTROL DATA 



• l-l- - rtrST iou'vru sruUY 



^i< r . 



- STi^">. l;^ MAY 10,1'}?3. 



NO. CF i^ACcJ = iJ 

PUNCHtC (jUTKUT NCT KcUUl^tL 



U.OIC. 



GAUGE iNU. 



WE ItHT 



1 .00 



INPUT RAINFALL 



IN 



5 MINUTE [INTERVALS 



3.000 3.00U 9.000 i.OOC 'i.UOO il.UOO 8.000 10.000 19.000 2.000 

j:.ouo 1.000 0.0 



INPUT RAINFALL IN INChLS 



IN 



S MINUTE INTERVALS 



0.030 0.030 0.090 0.020 O-CiO 0.020 0.080 0.100 0.190 0.020 
0.020 0.010 0.0 



INPUT CUKULATIVt RAINFALL IN I'^ChtS 



IN 



& MINUTE: INTERVALS 



0.03C o.ObU 0.130 0.17t 0.210 0.230 0.310 O.'tIO 0.600 0.620 
0.6^0 0.630 0.b:>0 



CHJTPUT CLMULATIVb RAIN(-AlL IN INCHES 



IN 



2 MINUTE INTERVALS 



0.012 0.02A 0.036 U.0<rO 0.060 U.096 0.13Z 0.15*. 0.162 0.170 

O.iefe CiOi- 0.214 0.222 0.i30 0.262 0.294 C.330 0.370 0.410 

U.4<i6 o.tJfci tj.b04 0.612 O.o20 0.o28 0.636 0.L.42 0.646 0.6!j0 

0.650 U.650 0.650 



OUTPUT RAINFALl- IN INCHES 



IN 



2 MINUTE INTERVALS 



0.012 0.01^ 0.012 0.012 0.012 t,.036 0.036 0.0?2 0.00b O.OOB 

O.Olti O.Olfc 0.012 O.OCR 0.006 0.032 0.032 0.036 . 0.040 0.040 

0.0/6 0.0/6 0.042 0.00« 0.008 0.008 0.008 C.006 0.004 0.004 

0.0 0.0 0.0 



OUTPUT RAINFALL IN INCHtS/hR. 



I\ 



2 KINUrt INTERVALS 



0.360 0.360 0.J6U 

0.480 0.4bu 0.360 

2.2bO 2.260 

O.U 0.0 



0.360 0.360 i.CUO 1.080 0.660 0.240 0.240 

O.ii'.O 0.i40 0.960 0.960 1.000 1.200 1.200 

1.260 O.«;40 0.240 U.240 0.240 O.lfiO ().120 0.120 

0.0 






TABLE A. 15. RAINFALL CONVERSION 



CAUuF IjU. i ,ic luHT = 1 .LIO 

l\PLiT KAIi'mFAlL in 5 MNUrC INTEkVALS 

^.OOU ^.OOli i.l^Ou l.liOG 3.(jC0 4.000 6.00C fi.UOU li>.OOC >.000 
.jJ.OOG l.OOU O.u 

IMPUT KAli.FALL IN INCHLi IN 5 MINUTE INTERVALS 

0.U20 (j.OiU O.UbO O.OlC U.03U U.CfO 0.060 O.oeO U.lbO 0.0^0 

o.u<:o o.Qic o.l: 

INPUT CUfULATUC RAIi-JFALL IN i.NCtiES IN 5 MlNUTfc JNTEKVALS 

O.OiO 0.0<.o 0.090 0,100 0.130 U.170 0.230 0.310 0.460 0.510 

O.bio o.5<iu o.:><iO 

CUTPUT CUMULATIVE f(AIN(-ALL IM INCHES IN ;; MINUTE INTERVALS 

G.OOB 0.til6 0.024 0.C32 0.040 0.060 0.090- 0.0^2 0.096 0.100 

0.112 0.124 0.13B 0.154 O.l/O L;.l94 0.2lb 0.246 0.2/a U.310 

0.370 0.430 0.4/0 0.4S(C O.ilO 0.518 0.526 0.532 0.536 0.540 
0-540 0.540 0.540 

UurPuT RAINFALL IN INCHES IN 2 MINUTE INTERVALS 

o.ooo t^.ooa o.cutj o.ood o.ooe u.020 0.020 0.012 o.co4 0.004 

0.012 U.OI2 0.014 0.016 0.016 C.C24 0.024 0.02b 0.032 0.032 

0.060 0.060 0.040 0.020 0.020 0.006 0.008 0.006 0.004 0.004 
0.0 0.0 0.0 

CUTPUT KAINFALL IN INCHES/Hrt. IM 2 MINUTE INTERVALS 

0.240 0.240 0.240 0.-;40 0.240 C.600 0.600 0.360 0.120 0.120 

0.i60 O.360 0.420 0.4bO 0.460 0./20 0.720 0.B40 0.960 0.960 

l.UOO l.bOO 1.200 U.600 0.600 0.240 0.240 0.180 0.120 0.120 
UfQ. U.O 0.0 



TABLE A. 16. COMBINED RAINFALL 



C^CiilNtu Kfll;, 


FALL I J 


I'<ChL5/nr<. 




In i 


KlNuTi; 


INTtRVA i 


U.300 

Z.O'iO 

0.0 


IJ. JOtj 


o.3ut; 

U. J9G 
U.L 


O.JUC (j.jCO 
0.3tC C.ioO 


C. 840 
U.B40 

j.;".o 


O.bAo 
0.640 
0.240 


0.510 
0.96 
0. IHO 


U.lbO O.loO 
l.OhC I. OHO 
U.l^O 0.1<IO 






APPENDIX B 

ATMOSPHERIC ENVIRONMENT SERVICE 

Card Type 3 and 
Card Type 4 Formats 



CARD TYPE *3 
JUNE 20, 1969 



GENERAL 



RECORDING PRECIPITATION GAUGE DATA; This card format was prepared for use 
with punched cards produced from recordings of the MSC tipping bucket rain gauge 
commencing 1960. Punched for 106 stations beginning in 1960 and now increased to 
over 300 stations. Data on punch cards are also available for Toronto City back to 
1918 and for St. Thomas, Ontario from 1937. Annually up-dated Inventories are main- 
tained by the Climatology Division and Inquiries concerning card availability should 
bedirected to Meteorological Branch Headquarters. Data on the punched card contains 
precipitation amounts, hourly, dally end monthly totals; intensities and dates on which 
they occurred. This card format replaces Electro *97997, published in Card Format 
Documentation, February 21, 1967, wnich now becomes obsolete . The design of this 
revised card format uses the ASIC (Archives Spread Item Card ) concept, where 12 hours 
of data are punched Into one card. All archival data of this card type now conform to 
this revised format. 

GENERAL PRACTICES: Cards are punched from observations recorded on Form 63-2296, 
which are recordings of the MSC tipping bucket rain gauge used In conjunction with 
the MSC standard rain gauge. Some MSC tipping bucket rain gauges are heated and 
permit the measurement and recording of early spring, late fall and winter rains and 
freezing rains. Snow measurements thc^gh are not reliable and are not recorded unless 
the snow falls with rain. Normally two cards a day are punched. Card 1 contains the 
Total Daily Precip and hourly precip for hours 01-12. Card 2 contains the hourly precip 
for hours 13-24 with the greatest amount data. Two monthly cards are also punched - 
Card 1 contains the Total Monthly Precip and Card 2 contains the greatest amount data 
with dates of occurrences . 



FORM OF PUNCHED CARD USED 
Electro *1 043 12 - Format effective May 1960. 




AMQUI-JT pF pRECitp ^r>f HOUH Er-JOirjO tLSTI 



d;o 



0:0 



0:0 00 



■i::5 .';j?!:r8'5,M'ji :: ji;* 3S 
n 1llil 1||:| 1|t:1 1 

2.2 21:2 71\2 2 2l2 2 



555 

6 G'6 

i 

7 77 
81 i 

999 






555:55 

6 6E:G 6 



7:7 7 

in 

9;9 9 

m:1' U 



55 

7.7 
88 



ODOpOD OGQ 
1-1 1 |:1 ILIM iM 
22 212.2 2 2:2"2 



5 5 5|555 
fit 8,6 BE 
7i7 J|7 7 1 



IS8 



9 99 



1:1 I 



993 



G*IEATEST AMOUNT OF PHEClP. 
FOR ^lURATlO^J i^JDiCATED 



5:55 

E:E6 
7:7 7 



B 8e!a:8 8 



r5 9^9:9 9 




MRS 

00 

:s n 

t I 

22 



:oo 

|1 1 

':2 2 



55 

G6 
77 
IS 



99 

19 10 
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CARE nPE #3 
JURE £0, 136? 



.%...pj^-.^'^.. «-- 



C«D PQRHAT DOCTWattATIOn 



CAflD 
CKlL. 


ira OR 

ELEJETfr 


CARD 

00 IS 


sAfio aODE 

DEFI-:iriC!i* 


RiHAflKS 


1-2 


Carti Typ-.- 


CTt 

I 




H-.-...;- iW.worK ^slr.g MSC tipping bj-K?'., 

£ -' : .1 ae:-.--cjrk using FlBcher-Porter enalpmenc. 


3-9 


Statlan 
Si4t4>er 


Any digit, 
ln-.-ludt.ig 
X aad Y as 
HEiilgned 


Seven dlgli. list- 
ing QLiadiei- ne 


~ .'^d In the Cll«at.<!logjr Division to organize statirm 

alphabetic order within a province or within a 
dlE'-;--;-- if .1 pj-ivlnce. fte a rule, the first digit Is the province, the 
second and third digits if the number are the district and the last four 
digits are asslgaed to facilitate slphahetlc argaaizatlon. In certain 
circ imetaiiceB the first tvo dlglte are used to identify the province and 
territories. 


::-:i 


Yosr 


':0 '.3 99 


19Cn ::. j.'i. 




■i£-:i 


M :i--n 


J ■--- Vcf 


jr,;i riry-De'Taher 




14-15 


Day 


01 10 31 

N-jfflerl ■ 


Bay cf fflonth 
Monthly card 


If -odoa SX Carl 1 - Mcatfaij Assi-unts. 

terd 2 - Monthly Intensities with dates of occurrences. 


■J:. 




1 or 2 


If p-,^-.2he4 1 
card will aontain 
T&T.S1 EBily Presir;. 
(c:-lB. 17-20) aaa 
Hourly Preclp. Ere. 
01-12 (r-olB, 21-56). 
If punched 2 card 
will ..■o.-i*woin H--.-irly 
Preclp. for h- .xe 
13-2>» (cole. 21-56) 
su'! (jres 6t aincunt 
preclp fcr duration 
Indicated (cal. 57. 
80) 


''^-.-■f. r;lly total jjreclp is zer::, H;\i there are nc grea'.ect aaio'int data, 

h.-r.' ■.•ill be no card 2. When dally total preclp is lalBsing, .01 or 
ao.-e jr sero •jW^ greatest saount data, there ulll always be a card 1 
ajid 9 csrd 2. 

If n-jserlc XX ia cols. li»-15 (denoting monthly card) card 1 and cols. 
17-20 will contain the Total Monthly Preclp. 
When Tital Monthly preclp is lero there will he card 1 only. 


17-20 


To-.al 
Preclr 
Dally :.r 
Mi.n',hly 
(see cc-ls^ 
11.-15) 


X la col 17 

X 111 col Ijt 

X in ssi ao 


Unkriovn 

Zero ajnoun- '.0 
9:>.9Q Inches 

Dally Preclj arv. ^t 
cot correc'ed 

Indicates fi-eeling 
dally preclp 

Indicates fr'j«ta 
daily pre'jlp 


ft":i-:. iwlly precif is freezing there will be X jvercxunch in tens position 

•; f.-id, 

When dally preclp 1* ft'oW^ thMe will he X oyarpiihc^ In lev order 
position of field. 


21 


Hon'.hl;,- 
P, ■«• -It 


X 


I:. ■-.' >■•• 




21-S3 


Hoitrly 
Precip 


Bi'ink 

X aps^t 
spaas 

Space 01 
to 999 

X m eoj. ::a 
X la csl 23 


N ii5-:li- 

^.99 indies 

IndieatcE rreezlog 
preclfj 

Indicates frciea 
preclp 


HivjT cnilng 01 LSI card 1. 

Hoar ending 13 tST card 2. 

Wiea hn'jrly preetp is freezing there will be X overpunch In tens position 
jf hourly preclp field. 

When hourly preclp la frozen there will be X overpaaeh In low order 
[iositlon of hoiirly preclp field. 


2U-»5 


Hourly 
Pre-lp 


21-£i 


See jslE 21-23 


HTor ending 02 I£T card 1. 
H .ir ending 1^ I£T card P. 
See -SlB 21-23- 


27-29 


HDurly 
Preclp 


See -^is 
21-E3 


S^., Is 21-23 


Hour ending 03 I£T card 1. 
Hwir ending 15 LET card 2. 


30-32 


Ho u-ly 
Pre-lp 


See -.:ls 
£1-?:. 


See i-ols 21-23 


Bjut ending oU [£T card 1. 
Hoi- pndlng 16 I£T :ard 2. 
See ■ Is 21-23- 


33-33 


Hourly 
Preclp 


See .-^IB 
21-23 


See i^as 21-23 


Hour ending 05 IBT card 1. 
Bout ending 17 IfiT card 2. 
See .-ols 21-23. 


36-38 


Houj-ly 
Prejlr 


See v Is 


Sef. • U, 21-P3 


iDUr ending 06 I£T card L. 
Hoia- ending l3 I£T card 2. 
See -Is 21-J3. 
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CARD TTPB #3 

jam £c, 1969 



CARD FXJRMAT DOCUMENTATIOH 



CARE 


ITHI OR 


CARD 


CARD CODE 






COL. 


EL£KE;.T 


CODE 


DEn^rmoN 




39-i.i 


Hiv^ly 


See cols 


See .; = i5 £1-23 


Hovj- enilag ;'-7 I£T card 1. 






Preclj. 


£1-23 




H. J en-ilng IS I£T card 2. 
See tolE 21-23. 




kl-ki 


Date ;;f 


Blanjt 


Unknown 








Greateet 
Aa'^'int in 


01 '.0 31 


I*iy jf month 








- aLL:;B 






















i*:-;-U4 


B-i J-Ij 


See i.-Qle 


See J0l6 £1-23 


flour ending 06 IBT card 1. 






Prcc'li. 


21-23 




Houj- ending 20 I£T card 2. 
See ;ol6 21-23. 




hi-kk 


DB-- jl- 


Blanjt 


UnknoTO 








Grea«si 
Amt^unt in 


01 10 31 


Day of month 








IC mine 










1.S-U7 


Hourly 


See -jIb 


See .-ols 21-23 


fl'j'j- endl-ig 09 IBI ;ard 1. 






Prs^lL 


a-23 




£b'o:- ending 21 ISt oard 2. 
See -nlE 21-23. 


' 


1*5-1*6 


Oi-.e tf 


ElanJt 


Unknovn 








Greatest. 
Amron) in 


01 to 31 


Dey of monti. 








I ^. nine 










1*7 -«3 


Dm,e fjf 


Blaalt 


Unknown 








Greatest 
Ant -iTit in 


01 t.o 31 


Day of month 








3f mins 










l*H-^0 


HC'irly 


S** ".Jle 


See rols 21 -23 


H'lU' ending 10 LST card 1. 






Prei.-lp 


21-23 




Bf;r ending 22 LSI card 2. 




l.>-50 


Dote of 


Blaiik 


Unknown 








Orcfitesl. 
AjEO^it in 


01 to 31 


Day of month 








61:^ lainr^ 










51-52 


riR*.e .f 


Blank 


Unkno'wn 








GreiteEt 
Aniount in 


01-to 31 


Day of month 








lEO ndnB 










M-i3 


Hj^ly 


See -olB 


See cols 21 -i 3 


He 'J- ending .1 ISX iard 1. 






Prer;it 


21-23 




Hour ending 23 1£T card 2. 




53-'jl* 


Da^.e of 


BlanJi 


Unknown 








Gr(;ateBt 


01 to 31 


Day of month 








6 fj-s 










^it-S!,. 


Hourly 


See :iolE 


See ools 21-23 


Hour ending 12 LST card 1. 






Preclp 


21-23 




H.-..ur ending 2l* LBT ..-ard 2. 




- • -s6 


Db-.-' f 


Blank 


'Jriknovr. 








Or^ates-- 
Amount in 


01 to 31 


C&y of 3ionth 








li" brs 










", .'-" ? 


Gr'!/J-(-E- 


Blank 


Unfci.ywn 


Card a tr.ly. 




• 


Pr>t;lp Ln 
Period of 
5 mlriE 


000 


So pre^lf' for 
f«rlod Indicattd 

,01 to 9.99 ItitheB 






60-&; 


Grt-a:.eE-_ 
Pre^ip in 
Period Df 
10 mlns 


See !^l£ 
57-59 


See .-ols 57-59 


Carl Z T^rily. 




63-^'.: 


GreiteE'. 
Pre-l;; ic 
Perlud :.f 

15 mills 


See -(jlE 
57-59 


See -Ola 57-j/ 


Cn: :•- i only. 




66-6ft 


GreBT.e6L 
Pre -It 1^ 
Perl ad rjf 
30 rilns 


See :-o±fi 
57-59 


See cole 5^-:/.^ 


Card £ only. 
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..55iLiJA..^-.i*i-Js«fr. 



I'>3-'T •^-^ 



CARD TYPE #3 

jwra 20, 1369 



CARD fCaWAT DOCraWTATIOS 



CAKD 
COL. 


ITE« OR 


:;ahd 
CODE 


CARD CODE 
QEPINlTlOfr 


RiMABKS 


69-71 


Grealeat 
Preclp It. 
Period of 
60 Bins 


See :ol6 
57-59 


See sols 57-59 


Card 2 ■..-.ly. 


72-7!* 


Orestes* 
Preclp In 
Period :if 
120 mine 


See cols 
57-5? 


See CQlB 
57-59 


Card 2 cily. 


r>-77 


Greatest 
Preclp In 
Period of 


See :,15 
57-59 


See .c'„E 

57-59 


Carl 2 only. 


T6-S0 


GreateEV 
Pre-lp lii 
Period r:t 
la hre 


See :3lB 
57-59 


See .-ols 
57-59 


C-irl £ only. 



269 



aENERAL 



MAONETIC TAPE DAIA 

from CARD TYPE # h- 

JULY 21, 1970 



SUMMARY FOR THE CLIMATOLOGICAL MY: This tape format documentation was 
prepared for use with tape files produced from summaries of cliraatological 
day observations dating back to l84l. All revisions In reporting and 
punching procedures, as well as definitions of a climatological day as they 
existed from time to time are documented. Revised inventories are up dated 
annually by the Climatology Division and inquiries concerning data avail- 
ability should be directed to this Division at Meteorological Branch Head- 
quarters . 

The criterion used for the inclusion of any station in the cur- 
rent phase of Archival data conversion to magnetic tape was, that the sta- 
tion should have a minimum of 10 years (l20 months) of record. For "summer 
only stations" in the Prairie provinces, the criterion was relaxed to allow 
for stations with 10 or more summer seasons of record to be included in the 
Archival tape file. 

Punched card files containing less than 10 years of record will 
remain in the punched card media until they meet the criterion for inclu- 
sion with the Archival tape files. All of the files stored in punched 
cards can be written to magnetic tape on request, in accordance with cur- 
rent fees schedule. 

The Tape and Card Format Documentation are basically the same, 
but while converting punched card files to the tape media, codes have been 
standardized throughout all files, and discreet limitations were estab- 
lished for items or elements in the file. With the implementation of more 
modem techniques and methods, Archival data were re-quality-controlled be- 
fore being written to tape, and now constitute a readily proces sable and 
far more accurate data file than has previously been possible. 

Each station file is preceded by a station master card, the 
field definitions of which are given below. A station file can be inter- 
spersed with several master cards, each one denoting some change in the 
station history. 



^ Station Master Card 



Cols, 



Field 



Comments 



1-7 


Listing Number 


8-9 


Year 


10-11 


Month 


12-15 


Digits '00' 


ih-^1 


Station Name 


58-1+1 


Province 


1+2-^5 


Two Letter Idei 


kk-kl 


Elev (feet) 


i^-51 


Latitude 


52-56 


Ijongitude 



Date at which mast, infor. 
becomes effective 



Deg XX Min XX 
Deg XXX Min XX 
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M/LGHETIC TAPE DATA 
from CARD TYPE # h 
JULY 21, 1970 



ColB. 



#tj- Station Master Card (Cont'd) 



Field 



Comments 



57 


Time Zone 


58-59 
60-66 
67-68 


Climat Day Begins 

-open 

Ovr Pch Ctl 


69-77 
78 


-open- 
Last or only Flag 


79-80 


Card Type 



LST hour 



Punch 'L' for last or only 
master in file 
Punch '04' 



WEATHER ELEMEMTS REPORTED: The following ohserved weather elements, have 
been transcribed to magnetic tape; raaximi^m and minimum temperatures, max- 
imum and minimum relative humidities, 6-hour amount of precipitation, 24- 
hour amount of rainfall, snowfall and total precipitation, snow depth, days 
with freezing temperature, thunderstorm, rain or drizzle, freezing rain or 
drizzle, hall, snow or snow grains etc., fog or ice fog, smoke or haze, 
blowing dust or sand, blowing snow, wind speed equal to or greater than 52 



m.p. 



wind speed equal to or greater than 39 m.p.h., the direction, speed 



and hour of the peak wind gust . 

COMPUTED WEATHER EIEMEMTS: The following weather elements have been com- 
puted for first order stations only: mean dally temperature, growing degree - 
days above i4-2 degrees, and heating degree-days below 65 degrees, 

ROUND OFF PROCEDURES FOR MAXIMUM AMD MINIMUM TEMPERATURES: Temperatures 
have been converted to whole degrees (°F)j where stations recorded tempera- 
tures to nearest tenth of a degree the following rule prevailed - 

.1 to .h - the decimal was dropped and read: i.e. 26.5 
read 26, 33-4 read 53. 

.5 - Up to December 195^ vas adjusted to the nearest 
even whole degree i.e. 26.5 read 26, 27.5 read 28. 
January 1957, .5 was adjusted to the next whole degree 
above, i.e. 26.5 read 27, 27.5 read 28. 

.6 to .9 - was adjusted to the whole degree next above, 
i.e. 28.7 read 29, 3^4-. 9 read 35. 

ROUND OFF PROCEDURES FOR SNOWFALL: Snowfall has been transcribed to tape 
to a tenth of an inch. When stations recorded snowfall in fractions of an 
inch, the following rule prevailed: Up to December I956, 1/^+ and 3A inches 
were punched in the original source data card so that the sum of two such 
fractions remained the same after rounding off; In punching the first frac- 
tion was always rounded to the next tenth of an inch above and the second 
fraction was always rounded to the tenth below, thus: 
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Punch 


ed 


MAONETIC TAPE DATA 

from CARD TYPE # h 

JULY 21, 1970 


.3 + 
• 5 + 

.8 + 

.8 + 


.2 
.7 
.7 
.2 




:l 

•3 + 


.7 + 


• 5 



Recorded 

i/i; + lA 
1/1^ + 5A 
3A + 3/'^ 

lA 

i/k + 5A + lA 

From January 1957 onward, lA s.nd ^/k inches were p\mched as .3 and. .8 
inches respectively. 

DAYS WrTH RAIN OR DRIZZLE: A day with rain or drizzle (Col.ji^) was counted 
when any measurahle precipitation was recorded in 24- hourly rainfall (Cols . 
38-Ul) which includes freezing precipitation and hall. The exceptions to 
the above rule are primary stations for the period January 1955 to June 
1961 when a day with rain or drizzle refers to raeasui^hle liquid precipita- 
tion only. 

CLIMATOLOGICAL DAY: The 24-hour period for the climatologlcal day varies 
according to the type of station, the period of record, and the element ob- 
served. 

First Order Stations : 



At first order stations from 1878 to May 31, 1924 inclusive there 
was only one obser-vatlon a day, and it was taken In the morning at 0700 LST. 
The climatologlcal day began on day N following the 07OO LST observation, 
ended on day N + 1 at 07OO I^, and was credited to day W + 1 for all ob- 
served elements. 

From June 1, 1924 to December 51,1932 Inclusive if there was only 
one observation a day and it was taken in the morning at O7OO LST, the cli- 
matologlcal day began on day N following the 0700 LST observation and ended 
on day N + 1 at 0700 LST and was credited to day N + 1 for all observed 
elements except the maximum temperature. The maximum temperature reading 
was taken as indicated above, but wae credited to day N. 

If two observations were taken each day, one in the morning at 
0700 LOT, and one in the evening at 190O LST, the climatologlcal day began 
on day N following the I9OO LST observation and ended on day W + 1 at I9OO 
LST and was credited to day N + 1 for all observed elements except the 
maximiun temperature. For maxtmum temperature, the climatologlcal day began 
on day N following the 0700 LST observation and ended on day N + 1 at 0700 
LST and was credited to day N. 

From January 1, 1933 "to December 3I, 194o Inclusive if there was 
only one observation a day, and It was taken in the morning at 065O LST, the 
climatologlcal day began on day N following the 063O LST observation and 
ended on day N + 1 at 063O and was credited to day N for all observed ele- 
ments except two - minimum temperature and snow depth. The minimum temper- 
ature reading was taken as indicated above, but was credited to day N + 1. 
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MA.GKETIC TAPE DATA 
from CARD TYPE # h 
JULY 21, 1970 

The snow depth was the ins tan Lan .ecus readiii'- e.t 063O L6T a.d was credited 
to the same date as read. 

If two observations were taken each day , one In cne morning at 
0630 LST and one in the evening at 1830 LST, the cliraatolo;;ical day began 
on day N following the 065O LST observations and ended on day N + 1 at O63O 
LST and was credited to day N for all obt=ei'Vt;d elements €-xcepL two. The 
minimum temperature reading was for the cliniatoloiucal day which began on 
day N following the I83O LST observaxion and ended on de:. N + 1 at 1830 LST 
and wdLs credited to day K + 1. The snow deptli was Lhe inhjtantaneous reading 
at 0630 LST and was credited to the same date as i-ead. 

From January 1, 1914-1 to December 31, 195'+ inclusive most stations 
took four observations daily at the fixed times of 01 30, 0730, I53O and 
1950 EST, with some stations taking one to three observations. T'ne climat- 
ological day began on day N following the 0730 EST obsei-x-at ion and ended on 
day N + 1 at 0730 EST and was credited to day N for all observed elements 
except as follows. For the minimum temperature, the climatological day 
began on day N followin'j; the 19 50 EST observation and ended on day W + 1 at 
1950 EST and was credited to day N + 1. The sncw depth was the instanta- 
neous reading at 0730 EST and was credited to the same date as read. 

From January 1, I955 to Nfe.y 3I, 1957 inclusive most stations took 
four observations at fixed times - OO3O, 0650, 1230 and 183O GMI with some 
stations taking one to three observations. The climatological day began on 
day K following the I25O GMT observation and ended on day N + 1 at I250 CMC, 
and was credited to day N for all observed elements except that for the 
minimum tenperature the climatological day began on day N following the 
0050 G^f^ and ended on day N + 1 at OO3O GMT and was credited to day N. The 
snow depth waF r ■;,_.• l._stantaneous reading at I25O GMT and credited to the 
same date as r'cid. The raaxinium aj^d mininiian relative hinnidlty were based on 
the instantaneous hourly readings for the period OO3O to 253O LST, The peak 
wind gust hour entry was in Local Standard Time. 

From June 1, 1957 to June 30, I961 Inclusive all notes are the 
same as for the period January 1955? to May 195T except that observations 
were taken a half hour earlier, i.e. instead of OO30, O63O, I23O and I85O 
OET they were at 0000, O60O, 1200 and IBOO GMT. 

From July 1, I961 to the present most stations take four observa- 
tions daily at the fixed times of 0000, O60O, 1200 and I8OO GM with some 
stations taking one to three observations. The clLmatological day begins 
on day N following the 060O G^^r observation and ends on day N + 1 at 060O 
GMH . All elements observed are credited to the N except the snow depth 
which is the instantaneous reading at 1200 GMH , and ci-edited to the same 
date as read. 

Ordinaiy Climatological Stations: 

At ordinary climatological station (indicated by an X or Y punch 
in Col. 77), because the majority of the observers at these stations are co- 
operative observers, the times for taking the observati ,..n may varj' from 
station to station. Generally, they are encouraged to take the observation 
twice a day as close to 080O and I7OO LST as possible. These times may vary 
as much as one hour on either side of the time indicated. Some stations 
take the observation only once a day, in the morning, afternoon or evening. 



* MAGKETIC TAPE DATA 

from CARD TYPE # k 
JULY 21, 1970 

From 1878 to Decentber ^1, 1952 inclusive; (l) If a single obser- 
vation was taken each morning at O8OO LST, the climatological day "began on 
day N following the OSOO LST observation and ended on day N + 1 at 08OO LST 
and was credited to day N + 1 for all observed elements . (2) If a single ob- 
servation was taken each afternoon at I70O LST, the climatological day began 
on day N following the 1700 LST obser\''ation and ended on day N + 1 at 1700 
LST and was credited to day N + 1 for all observed elements. (3) If two 
observations were taken each day, one in the morning at 080O LST and one in 
the afternoon at 17OO LST, the climatological day began on day K following 
the 1700 LST observation and ended on day N + 1 at 1700 LST, and was credit- 
ed to day K + 1 for all observed elements. 

From January 1, 1935 "to the present: (l) If the observation is 
taken once a day in the morning at O80O LST, the climatological day begins 
on day K following the 0800 LST observation and ends on day N + 1 at 080O 
LST and is credited to day N for all observed elements, except the minimum 
temperature which is credited to day N + 1. Occurrences of fog, hail or 
thunderstorm, when recorded, are always credited to the calendar day local 
standard time. The snow depth is the instantaneous reading at 080O LST on 
the last day of the month and is credited to that date. (2) If the observa- 
tion is taken once a day in the afternoon at I70O LST, the climatological 
day begins on day N following the 1700 LST observation and ends on day N + 1 
at 1700 LST and is credited to day N + 1 for all observed elements. Occur- 
rences of fog, hail or thunderstorm, when recorded, are always credited to 
the calendar day local standard time. The snow depth is the instantaneous 
reading at 17OO LST on the last day of the month and is credited to that 
date. (5) If two observations are taken each day, one in the morning at 
0800 LST and one in the afternoon at 1700 LST, the climatological day begins 
on day N following the O8OO LST observation and ends on day N + 1 at O8OO 
LST, and is credited to day N for all observed elements except as follows. 
The climatological day for the minimum temperature begins on day N follow- 
ing the 1700 LST observation and ends on day N + 1 at 1700 LST and is 
credited to day N + 1. Occurrences of fog, hail or thunderstorm, when re- 
corded, are always credited to the calendar day local standard time. The 
snow depth is the instantaneous reading at 08OO LST on the last day of the 
month and is credited to that date. 

Note; Since Jajiuary 1959^ s- selected number of ordinary climat- 
ologlcal stations record the snow depth daily rather than on the 
last day of the month only. 

REFERENCES TO TIMES OF OBSERVATIONS: 

1, Circular 59^5 Tec. )+98) January I3, 196^; - Differences in Temperature 
Data from Ordinary Climatological Stations Arising from Once Daily 
Readings as Compared to Twice Daily Readings - W.R. Burrows. 

2. Documentation Sheet #5-59, June 22, 1959 - The Climatological Day for 
Basic Temperature and Precipitation Data - issued by the Climatology 
Division, Meteorological Branch. 

5. Index of Monthly Record of Meteorological Observations in Canada - 
January and July issues start in,j July 196^, 
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MA.GKETIC TAPE CARD 
from CARD TYPE # ^ 
JULY 21, 1970 

SOURCE DOCUMENTS USED: 

First Order Stations: 

Form No. 



Al, h2, A3, kk 

2501 

2511 

2322 



period 

Up to 1910 

1911 to 1939 

1940 to I95I+ 

1955 to June 1961 

July 1961 to present 



Ordinary Climatological Stations (many varieties prior to 1932): 
Form fJo. Period 



37A 

2299, 2302-1, 2502-2, 

2502-3, 2502-il 



1953 to 1938 
1939 to 1958 



2300, 230)1, 2305 J 2313 1959 to present 
NOTE: 2505 and 2513 are French versions of 230^4-. 

REFERENCE TO NIPHER SNOW GAUGE: 

''General Discussion of Discontinuitiet: in Snowfall Data Resulting from 
the Introduction of the Nipher - Shielded Snow Gauge" - DS #1-64 January 9, 
196^4- - issued by the Climatology Division, Meteorological Branch. 



This displays the original card type from which these data were transcrib- 
ed to tape. For information re^jarding standardization of codes refer to 
detailed documentation. 
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MAaNEFIC TAPE LATA 

froB CARD TYPE # U 

JULY 21, 1970 



TAPE rOFHAT DOCUKBHTATION 



TAPE 
POSITION 


ITBt OR 
ELHIENT 


TAPE 
CODE 


TWB COME 
DEFINITION 


REMARKS 


1-7 


Station 
Numbei- 


Any digit 

Including 

X or Y 

over- 

[lunching 

SE aseign- 

ed 


Seven-digit 
listing nui4>er 
as asBlgned 


Klis le a number naalgned in the Climatology Division to or- 
gan!::^ station punch card decks In alphabetic order within a 
province or within a dlatrlct of a province. As a rulej the 
first digit iB the province, the eecond and third digits of 
the number are the district and the last four digits are 
assigned to facilitate alphabetic organisation. In certain 
circumstances the first two digits are u£ed to identify the 
province and territories. 


6-9 


Year 


.00 -« 

X Jver- 
punch 
P06. 8 


1900-1999 
1800-1899 




10-11 


Month 


ul-12 


January -December 


Before undertaking HExy studiee involving time relatloashipe, 
contact Climatology Divisljn to establish tijne standards In 
use during the applicable Btetion history. Alec, see the 
general notes at the beginning of this booklet. 


i£-i; 


Day 


01-51 


Day Ljf Month 


ik 


Temperature 
Indicator 


X 



1 

Blank 


-01 to -70 F 
♦00° to +99°F 

100° to i20°r 

Unknown 




15 


MajclnjjL 


X over- 
punch 


Eetlmated 


Maximum temperat^ure position li+-l6. is estimated effective 
December 19«. 


15-16 


H&Klmum 
Teinperature 


rX)-99 


-01° to -70°F 
00° to 99°F 
100° to 120°!' 
Unknown 


When position Ik iB X, temperature is negative. 
When position lU le 0, temperature is positive. 
When position l"* is 1, temperature is 100° to 120°F. 


17 


Mlninum 

Teinperaturft 

Indicator 


X 


Blank 


-01° to -90°r 
-too° to *99°r 

Unknown 


If positions 18-19 blank 


18 


Hlniimim 


X over- 
pun da 


Estimated 


Mlniimm temperature positions 17-19 Is estimated effective 
December 1966 . 


18-19 


Hlnircmn 
Tejaperature 


00-99 

Blank 


-01° to -90°r 
00° to 99°F 
Unknown 


When position 17 Is X, teniperature is negative. 
When position 17 is 0, tenq>eratuTe is positive. 


20-22 


HajclumM 

Relative 

Humidity 


010-100 
Blank 


10 to 100# 

Unknown 


Positions 20-25 all have data or all are blank. 


23^5. 




010-100 
Blank 


10 to ICO* 
Unknown 




Relative 
Humidity 


26-28 


6 -hourly 
total precip- 
itation up to 
June 1961 
ending at 

i8jo atr. 

rron July 
19«^1 ending 
at 1200 otr 


01-99 
lQO-500 


.01 to .99 inches 
1.00 to 5-00 Inches 


Position 26 is blank. 


Thea« data avalla'ble from 
Ipt ortier Btatlons only- 


° P=.. 28 


T for trace 


Poeltlons 26-27 are blank. Trace 
is less than -01 inches. 


000 


0.00 Inches 




Blank 


UninowTi 




29-Jl 


6 -hourly total 
precipitation 
up to June 
1961 ending at 

0030 atr 

From July I96I 
ending at 1800 

ac 


01-99 
100-500 


.01 to 99 Inchee 
1.00 to 5.00 Inches 




These data available fra^r 
let order Htatioaa only 


° Poa. 51 


T for trace 




000 


0.00 inches 


Ae per positions 26-28. 


Blank 


Unknown 




iZ-ik 


6 -hourly total 
precipitation 
up to June 1961 
ending at 065O 
GKI. 

FrCB July 1961 
ending at 0000 

ami 


01-99 
100-500 


.01 to .99 Inchea 
1.00 to 5.00 Inches 




These data available from 
let order etatlone only. 


° POO. J4 


T for trace 




000 


0.00 Inchftj 


Ae per positions 26-28 


Blank 


Unknown 
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HAOllBnC TAPE DAT* 
froB CARD TYPE f ii 
JM-lf .'1, 1970 



TiPE PCnUT DOCIJH0UTIOR 



TAPE 


ITM OB 


tAF8 


TAPI CODG 




POSITION 


ELBtsrr 


CODE 


DWIKITIOS 


iUMAIUS 


5'j-5T 


6-hourly total 
rreclpltatioc 


D1.9-J 


.01 to .99 Incliri- 




nu*e data sva liable froB 
lat order atatlona only. 










up to June 1961 
ending at i2yj 


100-500 


1.00 to ;.00 InchcB 


















Prom July I961 
ending at QfiOO 


° PC. JT 


T for trace 






000 


0.00 Inrhee 
















ao 


Bleuik 


Uuknaus 


Aa per poaitiona £6-^B 




}a-i4l 


all-hour ratn- 


01-99 


.01 to .99 Inches 


PoBltlona ]8->9 are blank. 




order EtationA 


100-999 


1.00 to 9.99 inchei 


FoBlticm je la blank. 




up to Jun* y), 
19^^! endlii« at 










1000-2500 


10.00 to 25-00 Inehee 






1250 MT! 
fj-orn July 1, 










° Fob. in 


T for trace 


poaitlonB 58-39-** ere blank. 




19^1 endliig 




Trace la leaa than .01 Incb > 




at t>;oo MT; 










at cllmtolo- 
gloal atatloo" 


0000 


■0 ralnfiai 














ending approve- 


* Po.. 1.1 


L Indlcatei that It 


PoBttlooB )a-}9-liO are blank. 




0800 LOT. 


1b not known whether 










rain fell on the day. 


■eltlier L nor C 1b an uount of rain. No iKniat e^ be Entered 








tut any that did fall 


ubeD tbe card contain* thl* code. 








will be accumilated 










on tbe next dally 


Whan an aBount of rain baa a eontrol punch X In Foaitlon ^ 








aaount. 


{*•• note* on card code X Fob. ;6), thla Baina tlM aBount 
reprcaent* aore than one day. Ifae niaber of d^ya It repreeent* 






* Fob Ul 


C Indicate* rain 


depanda on the aialwr of L or C cOBaeentlT* day* preceding tlia 








fell 00 the day 
and that the next 
dally total wlU 
Include thii 
■aouBt. 


day with tbe exMnt. 

L or C are not loterchangeable . 

i, aBaoa rain aay or aay not have occurred 00 date ahowo. Ilaln 
occurred durlag the period for which L la entered, but It 1* 
not certain on which specific day rain fell. 

C aean* rain did occur on date abawB. Rain occurred at timm 
tlaa during each day for which C Is entered. 






I ovenwnch 


Aaount of ralofiall 


Can be pmichcd In coAlnatlon with any aaouBt of ralafUJ .02 






or miaerli: I 


entered In Fob. 


Inches or wire. 




• 


Poi. 38 


38-I.I rcpreaentB a 
period BOre than 1 
day. 




Bleak 


IkiknciHii 




59 


2tt-hour 


t awrpuneh 








rainfall 


or nwerlc 
X punch 


■itlaatwl 


2k-bour rainfall Foaltlona ^-kl la eatlaated effectire 
SecariieT I96A. 


J«-Wi 


2li-liour ancnf- 
fall at first 


1-9 


.1 to .9 Inchee 


Posltlou Ii£-lt5 are blank. 




order etatlooa 


10-99 


1.0 to 9.9 Inctae* 


Poaltloa lk2 la blank. 




up ta June y), 
191^1 eniUag at 


100-700 


10.0 to 70.0 incliei 












froB July 1, 


° Poa. IJt 


1 for trace 


Positions lie -It; are blank, trace la leas than .1 inches. 




1961 endlnt 
at 0600 taCT; 














at cll^tolo- 
glcal atatl ou 


000 


■0 Bocnrfall 




J Poa. 1.4 








ending approx. 


L aa in Fob. Ul 


Poaltion* te-43 are blank. 




nflno iBT 




For note on L and C *•• rcaarka for co^i^ hi. 


J Fob. Mi 


C bb In Fob. Ill 




X overpuDi^ 


Aacuat of enowfall 


Can be punched lo coAinatlon with aojr aaount of snowfall 






or Duaeric X 


entered In Pot. te- 


.2 Inches or aore. 






Foe- ^ 


■ore than one day. 




Blank 


Unknown 




1.5 


^J+-hDur 


K overpunch 








BDOWfall 




Eatlvted 


2li.hour snowfall poaltlona I12-U 1* estiaated effective 




. 


punch 




Decertier 1966 . 
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lAFI FOMAT aXMOnjiTLOa 



tUORDIC TAP! UOA 

frca auto TTFI f It 

JULI 21, 19J0 



CAPI 

nevaca 



ITM <F 

nJKBrr 



TAPS 
COO 



TAPE COK 
ESIHITIOII 



^s-w 



a^'-hour preclp' 
Itatlon St ririt 
ordtr BtatloDB 
up to June 90 1 
19^1 endlji« It 
1230 «fi 
Tram Julx 1, 
19fil andlog 
■t 0^00 OKti 
»t cUastolo- 
glcal Btatl«u 
frndljl^ approx . 
0600 LBT. 



01-99 



.01 Co -99 inelMi 



Position* 'i^-'tS *r* bluk. 



100-999 



1<00 to 9 .99 Inchea 



Position Its 1° blink. 



1000-2500 



10.00 to 25-00 Inchej 



po>. iia 



T for trace 



Poaltioni ll5-Il6->tT arc bluk. 



Ho PreclpltatlCD 



Poi. Iia 



L a« IQ position Iti 



PoiltloM ii5-'i*-'t7 trt blmk. 
For note on L and C see reHArkB 
for position kl. 



^ POB. M 



in Pos. Ul 



X onrpuDcb 
or niaerlc X 
Pos. 1*5 



Blank 



ApDunt of precip- 
itation entered 
in PoB, 45-48 
represents a 
period JDOre than 
one day • 

Unknovn 



Can be punched in cnsi)1 nation 
vltb ugr «Bouot of precipita- 
tion .02 inches or nore. 



BlBce Bovmber I960 Riplwr 
snov gau^s have been In- 
stalled at a gradually 1d- 
creasing au^er of first 
order Bt^tioiUp At these 
statlona precipitation 
is slven as rainfall plu« 
the water e<|ulralent of 
the snovfall. See the 
general notes at the front 
of this doouasstatioD for 
a reference dealing vltta 
the Hipher Snov Gau^. 



Sll-bour total 
precipitation 



X orentuncb 
or nuaerlc 
X punch 



24^hoiir total precipitation positions U5 to US 
Is estljsated effectlre DecertJer 1966. 



"19-51 



aicw Depth 



1-9 



.1 to .9 inches 



Poattlcoa Jt9-^ are blank. fY-actlona of inches vere 
reportable y^uee to end of Decetfier 1936 . 



1-9 inches 



Poaitlooe 't9 and 51 are blank. Vholt iocbea oaly 
reportable values froa January 1957 . 



10-99 



10 to 99 laches 



Positioa 51 la blank. Whole iocties only reportable 
values froa January 1957. 



I X 

00" 99 



100 to 199 Inchee 



T r 

00' 99 



200 to 299 Inetaee 



Poa. 51 



T for trace 



Positions 49-50 are blank. 



So anov on ^ound 



50 



anov Depth 



X overpunch 



Boov depth positione >i9-51 is estlaated effective December 1966. 



52-63 
52 

53 
5^ 

55 

56 

5T 

58 
59 

eo 

61 
62 

63 



Day with 



Pneilng tea- 
parature (32 
or colder) 



FbencssDon indicated 
did nAt occur 



Fbencaeaon Indicated 
did occur 



Jteln or drlizle 
(.01 Inches or 
■ere) 

rreaiuic r&ln 
ar drlul* 
(trace or aor*) 

Ball (trace or 
■ere) 

8ci0v (.1 inches 



ro(, iec foe 



SLovlac diut 
Qir aand 

BlOHlilc anov 

Vind qpead 
efual to or 
greater than 
32 a.p.h. 

Vlnd speed 

etual to or 
greater than 
39 a.p.h. 
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lUaliETIC T«PE lATA 

tw« GMtD nvt t '• 



to 



TWE F015KAT iXH^WB^ritlUK 



TAS-E 
P06ITI0S 


ITQ< OR 
ELaffilfT 


CODE 


TAfE COCE 
BBFIHTTICra 


iau.-,it.. 


61.-fi5 


Dlrectl'JE of 
peak vlttd gust 


ISO 

12 

22 
?2 

5J 
54 

U4 

55 
56 

66 
76 

77 
78 

88 
l8 


Cain 

Noi-il. 

Kortii 
DOrtheAJSt 

llortjieaat 

East 
northeaat 

East 

East, 

so'atheast 

Sauthoast 

South 
SMtheaBl 

South 

South 
south vest 

Soutiiw^at 

WCBt 

south west 

West 

«tst 
iiorthw^flt 

Noj-thwKBt 

North 
nqrtbweBt 


•Bi.'Fi. aii.„ kvnlU.it- f i- a Pcisl-.lonE ■ 4-'-< (.llr--'U 
Ju;LU'..-y : ■■ ■'. fipK^u ,ia I h-'^B) have all 

dlU or all are blank . 




X Fob. e.k 


There le moi-e than 
one direction vlth 
(iMn; peak vind gufit 


l^ie X is att overpunch. A wlna 
lirectior* .-ode sr-isir be ouji-.^tn^d 
la the field. 


Klaalt 


Unknown 






66-67 


Bpecd of peak 
wind gust 


i?-99 


•.*-99 m.p.h. 


'I^ieae data avuilable TrrM Jan.Ji;-y 1?>*. ■ 


X X 

oo" 99 


1001-199 m.p-h- 


Speed noist be 19 ffl-P tK- or incrv . 


Blank 


Unkncvn 




68-fi9 


Hour tif peak 

vlod gUAt 


00-^5 


Hour 00 to 25 


These data are i'.!. ilibU froit January 19W.- 
Standard L.f litne In effftti-t: January I9'j5 - 
Junr- 1 > i L-^rsl dtaadaj-d Unes July- 19*" 1 - 
Gi-eKrivlfh Mear^ TiLie, 




BlaiLk 


Unknown 




TO, 


Mean tfifflpera- 
ture LBdicator 


X 






•00" to -99"r 
^oo'' to +99°? 




PoBllloae 7C-73 all UaT* 
or an are blank. 


dattt 


filank 


UnkSijwr. 


Inl'jrfliatioii is nit j:offli-uted 
be.-.ei.-.Ee MiiUlja or ninlmuiii 
or .both t*jintieratuj:*6. rjbt 
observed. 


71-72 


Mean 
Teajftrature 


00-W 


00* to iW*F 


■A.:.i c-isiilon TO It J tH^Mrtiure 
5« oe^tlira, 

tnit-a position 7-) if J teop*rature 
iB positive. 


Blank 


ItafcBOWB 


laforKitloE IB ao' coraputed 
becauee jE&xlHuai ji lalsliauH 
ar b^jth temperatures not 
observe d. 






73 


Grovlng dfigree- 
daye indicator 


X 




&elov baiu; 42"? 
-00 to -99 degree- 









Above bftBe 42 F 
no to 99 degree- 
dayE 




Bla;Jt 


UnknovQ 


Inf oration not ?OBiiiUted be^a-A^u 
Baan t«]q>erature not available - 





daye 


:K-V'.- 


00 to ■>? gr^JWltig 
degree -daye 


BaBe t-rc^raiure rjr t^oving dr;<p-ee- 
leyp is M^'^. Pr-F f-very degree F 
yo.ive h^^ there le one unit of f^^v- 
Lng dfigree-tjays . 


BlaaJi 


Unkjicwn 


Infoniation n-st .vsjlshle beca.te 
near- teaperature tv->t available < 
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''IFf FCKVJIT rXX^HMEtfTA'^Tn'- 



RtGKETIC TATS BATA 

from CAHO TYPE # 1» 

.JULY il, 1970 



TAPE 
POSITION 


ITEM OR 

si:EMET?r 


TAPE TAf^E CODE , f.uviRKq 
CODE aEFirflTTOM ' HbmRKS 


76 


Heating 
in ■JJ. cat or 


K 


Abu'.e base ■'■' 7 


F.^&i^.icnE 70-72 all have 
.lata or all are blaak. 





Bel >w raee ^^' F ^ 
CO to }} iipgre-e- i 
daye 1 


1 


100 or »ore 






Blank 


Uiika ii-T: 


Poeitl'jns '{f-7B are blan>. txi::ept hb 
noted in ^jard pOfilUjii 77 TyT^e ^^ 
Station card code X and Y Informa- 
tion nat computed berauep mean 
tenperitiire^ not J^v^llablen 


77 
uver- 


Type of 
station 


X 


Ordlii^iry cllmat- 
oiogicai station 
reporting teaper- 
atjj-e and precip- 
itation 

Cllniatologlcal 
station reporting 
only precipitation 


ThlB definition -f p-.!8ltljii 77 for 
code X and T la entirely Indepen- 
dent of heating degree-days data 
for positions 77-78. 


77-7B 


Heating 
degree- days 


00-99 


00 to 99 heating 
degree- daye below 

Unltnovn 


Position 7(^ is blank.. Information not con^mted 
because mean temperature not available. 


79 


Last day 

of aontb 


X 


Laat day of month 


CoiiQ3uted. 


30 


Unas signed 


Blsnfe 
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APPENDIX C 

GENERALIZED SWMM QUALITY MODEL, 

USER'S MANUAL 



APPEND I < C 
GENERALIZED SWMM 'QUALITY MODEL 

C»l Genera I 

As indicated in Volume I of this report"'', the current state-of- 
-the-art of storm water quality modelling rarely justifies complex discre- 
tization of the catchment or the consideration of in-system storage. it 
was shown that it is possible to combine several small subcatchments into 
a single equivalent catchment without loss of accuracy in surface runoff 
quantity and quality simulations. 

As a next step toward simplified quality modelling, the Genera- 
lized SWMM Quality Model (GSQM) was developed using the basic concepts of 
the quality algorithm used in the SWMM, in a less sophisticated formula- 
tion. An attempt was made to overcome several disadvantages of the SWMM 
quality routines as compared, for example, with those used In STORM. For 
instance, in some versions of SWMM the surface pollutant loading rates 
can be read into the model for various land uses. STORM also performs 
quality computations based on specified input hydrograph, if required. 
This permits a comparison of the pol I utographs obtained from measured 
hydrographs or based on hydrographs from any runoff simulation model. 

The GSQM represents a practical alternative to the use of SWMM 
with a coarse discretization. The Generalized model is easier to cali- 
brate than SWMM because all parameters may be readily adjusted. The new 
model is potentially more accurate for the modelling of pollutant washoff 
than STORM because shorter time intervals may be used for washoff computa- 
tions. 

C.2 Features of Generalized SWMM Quality Model 

The basic approach to runoff quality simulation used in GSQM is 
similar to that incorporated in the SWMM RUNOFF Block (documented in 
Figure 35i Volume I of this report"). Dust and dirt are accumulated at a 
rate dependent on the land use and total curb length. The total load 
accumulated over a catchment at the onset of a storm is determined from 



Research Report No. hj , Storm Water Management Model Study, Volume 1, 
Ottawa, 1976. 
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the product of the overall daily dust and dirt accumulation rate and the 
number of antecedent dry days. If street sweeping has occurred during 
the antecedent dry period, the total load is reduced according to the 
number of sweeper passes. Individual pollutant contributions are 
calculated from the total accumulated load based on the specified dust 
and dirt composition. 

In many cases where local data on dust and dirt composition and 
accumulation rates are not available, the SWMM default values may be used 
for initial simulations. In this case the advantage of the GSQM Is in the 
flexibility afforded to the user in calibration. 

The main features of the GSQ^ are summarized below: 

(A) Aggregated Single Catchment Model 

The user can specify up to five land use types for the 
single catchment modelled. (In SWMM only one land use per 
subcatchment is permitted.) The overall accumulation rate 
for the catchment is determined from the total gutter 
length and dust and dirt accumulation rate for each land 
use. The concentration of pollutants in catch basins and 
the dust and dirt composition can be specified for each 
land use. This is particularly useful when local data are 
ava i lable. 

(B) User Supplied Hydrograph 

No runoff quantity computations are made in the GSQM. The 
user supplies the input hydrograph. This means that 
measured flows or flows from any runoff model can form the 
basis for quality simulations. The time step for quality 
computations can be adjusted to correspond to the time 
interval between points on the input hydrograph. 

(C) Flows from Impervious Areas 

For low intensity storms there is frequently no runoff from 
pervious areas. An option in the GSQM allows the user to 
specify this situation as an aid to model calibration for 
these storms. For larger storms the model can compute 
pollutant washoff over both pervious and Impervious areas. 
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(D) No Transport System 

The GSQM is designed for the simulation of surface runoff. 
Where the sewer system is combined and depositions from 
the dry weather flow are considered significant, the SWMM 
model should be used. Testing of the SWMM RUNOFF quality 
submodel (described in Volume I of this study) indicated 
that the detailed routing of surface runoff through a pipe 
system does not significantly affect the accuracy of 
quality simulations. For this reason pollutant routing 
and the decay of pollutants within the sewer system is not 
considered in the GSQM. 

'E) Suspended Solids Computations 

The GSQM provides the two options for the simulation of 
suspended solids computations included in SWMM (and 
described in detail in Chapter 5, Volume I of this study). 
Briefly, selection of (ISS=0) causes suspended solids 
computations to be based on the exponential washoff 
equation, and selection of (|SS=1) causes an empirical 
washoff equation to be used. Selection of the latter may 
facilitate calibration of the model for events having 
antecedent dry periods shorter than 10-15 days. 

(F) Ten Pol lutants 

Ten pollutants are programmed in the GSQM, (BOD, COD, 
suspended solids, settleable solids, coliforms, N, PO,, 
CI, lead, oil and grease). However, the experienced user 
may simulate any other conservative pollutant by direct 
substitution. The computer output includes mass washoff 
curves and surface load data (before and after the storm) 
for each pollutant modelled. 

(G) Computer Requirements 

The GSQM is written in the same language as SWMM. In 
general , any computer system capable of accommodating SWMM 
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win also be suitable for the GSQM. The total storage 
requirement for the GSQM is approximately 80K bytes (or 
equ i valent ) . 

C»3 Model Cal i brat ion 

The approach to the calibration of the GSQM is basically that 
used for calibration of SWMM (see Chapter S, Volume I of this study). In 
the absence of local data, the main factor used for calibration of the 
GSQM is the dust and dirt accumulation rate (in some versions of SWMM 
this is altered by varying the antecedent dry period or curb length). If 
measured concentrations consistently exceed simulated concentrations, 
accumulation rates should be increased or vice versa. As with SWMM, 
adjustments to the first flush of suspended solids can be made by a 
change in the suspended solids availability factor and removing the 
coefficient for the empirical (ISS=1) equation (see also Chapter 5, 
Volume I of this study). 

As noted above, the GSQM allows additional flexibility in 
simulating runoff from low intensity storms as the option (irLOW=l) 
causes washoff from impervious areas only to be simulated. Also, the 
total washoff may be varied by adjustment of the exponential factor (B) 
in the exponential washoff equation (Chapter 5, Volume I of this report). 

C,4 Data Input and Formats 

The card group sequence required for the GSQM is indicated in 
Figure C.l and the input data formats described in Table C.I. Additional 
bac(<ground material describing the parameters listed here can be found in 
the EPA User's Manual and Volume I of this study. Table C.2 lists the 
description of variables used in the GSQM. 

C,5 Example Application 

An example of an application of the Generalized SWMM Quality 
Model to the Brucewood catchment (Figure C.2), located in North Yorl<, 
Toronto, is presented in this section. The catchment is described in 
more detail in Section 3.3^1 of Volume I, "Storm Water Management Study". 
For this example, the 48-acre catchment was modelled using two land use 
types: single family residential and open areas. The (ISS = 1) option 



286 



for the suspended solids computations and the normal flow method 
(IFLOW-0) for washoff rate calculations was usedo A removal 
coefficient {"CC") value of 0.5 was used. 

The data cards used for this example are Shown in Table C.3. 
The computer print-outs of these input data are presented in Tables C* 
and C.5. The resulting output data from the simulation are summarized Ir 
Table C.6. The simulated values are compared with recorded values on 
Figure 89 of Volume I. A pollutant load history for each pollutant, 
printed out by the model is given in Table C.7» which shows the total 
amount of a pollutant removed during the simulation. 

The flow hydrograph used in this simulation Is shown on Figure 
C.3. The computer plots for the settleable solids concentrations and 
loading rates are shown In Figures C.^t and C.5. The plot for the mass 
curve is presented on Figure C.6. 
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FIGURE C.l. SUMMARY OF INPUT CARDS FOR 

GENERALIZED SWMM QUALITY MODEL 
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FIGURE C.2. STORM SEWER SYSTEM AND DRAINAGE SUBCATCHMENTS 
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FIGURE C.k. SETTLEABLE SOLIDS POLLUTOGRAPH 
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FIGURE C.5. INPUT HYDROGRAPH PLOT 
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FIGURE C.6. MASS CURVE PLOT OF SUSPENDED SOLIDS 



TABLE C.l. GENERALIZED QUALITY MODEL CARD DATA 



Card 
Group 



Format 



18A4 



Card 
Columns 



Description 



Title card 



Variable 
Name 



TITL 



Default 
Value 



Blanks 



Control card one 

FlO.O 1-10 Watershed area in acres 

FIO.O 11-20 No. of antecedent dry days 

(since last significant storm) 



AREA 
DRYDAY 



None 
0*0 



llO 



21-30 



FIO.O 


31-40 


FIO . 


41-50 


110 


51-60 



Street sweeping passes 
(niimbcr of tines sweeper 
travels along each curb 
during a street sweeping) 

Catchbasin volume in cu.ft. 

Percent imperviousness of area 

No. of land uses (maximum = 5) 



NPASS 



CBVDL 


0.0 


PIMP 


0.0 


KLAND 


None 



110 



FIO.O 



110 



FIO.O 
FIO.O 

110 



Control card two 

1-10 No. of time steps to be calcu- NSTEP 
lated. (maximum = 200) 

11-20 Integration period (time step) DELT 
in seconds (1) 

21-30 Method for calculating suspended 

solids ISS 

ISS=0 same as all other pollu- 
tants 
ISS=1 Special Technique 

same as original release 
of the SWMM 

31-40 Removing coefficient (2) ,^ji 

41-50 Exponent 'B' used to calculate EXPTE 
decay coefficient 

51-60 Flow method IFLOW 

IFLOW = Average flow used 
IFLOW = 1 Average flow frcxB 

imperviousness only used 
for washoff calculations 



(1) 
(2) 



Should equal time step for hydrograph input. Card Group 9. 



Required only if ISS=1. 



None 



None 



0.9 
4.6 
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TABLE C. 



(CONT'D) 



Card 
Group 



Format 



Card 

Columns 



Description 



Variable 

Name 



Default 
Value 



FIO.O 61-70 Availability factor for settleable 

solids AVAILl 

FlO.O 71-80 Availability factor for suspended AVAIL2 

solids 

(Seo EPA User's Manual for SWMM 
default values) 



20F8.0 



1-8 



8-16 



Percent of settleable solids Cone Fl 
card) and suspended solids (one 
card) contributing to each pollu- F2 
tant (see EPA User's Manual for 
SWMM default values) 

Percent of settleable solids Fl(l) 
contributing to pollutant 1*3) 

Percent of settleable solids F1C2) 
contributing to pollutant 2 



0.0 
.0.0 



0.0 



0.0 



1015 



Plot card 

1-5 Pollutant number requiring 
separate plot 

6-10 Pollutant niimber requiring 
separate plot 



PLOTP 
PLOTPd) 

PLOTP (2) 








Repeat card groups 6-8 inclusive 
for land uses as specified in 
card group 2 



KLAND 













(3) 








Pollutant No. 


Pollutant 


Pollutant No. 


Pollutant 




1 


Settleable Solids 


9 


Lead 




% 


Suspended Solids 


10 


Chlorides 




% 


Total Coliforms 








m 


BCO 








i 


COD 








4 


Total 'N' 








f 


PO4 








■« 


Oil and Grease 
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TABU C.l. (CONT'D) 



Card 

Group Format 



Card 
Columns 



Description 



6 



no 



FIO.O 



FIO.O 



FlO.O 



no 



10F8.0 



1-8 



9-16 



Variable 
Name 



1-10 Land use type LNDUSE 

LNDUSE = 1 Residential 
LNDUSE = 2 Multi family 
LNDUSE = 3 Commercial 
LNDUSE = 4 Industrial 
LNDUSE = 5 Open or Park 

11-20 Total gutter length in hundreds GQLEN 
of ft in this land use 

21-30 Cleaning frequency in days CLFKEO 

(number of days between street 
sweeping) 

31-40 Lbs of dust and dirt per DDFACT 
hundred feet of curb 

41-50 Total no, of catchbasin^ in BASINS 
this land use 



Breakdown of pollutants present 

Mg of pollutant number 1 per QFACT(l) 
gram of dust and dirt 

Mg of pollutant niomber 2 per QFACT(2) 
gram of dust and dirt 



Default 
Value 



0.1 



(41 



None 



©»0 



m 



0.0 



0.0 



10F8.0 



1-8 
9-16 



Concentration of pollutants in 
catchbasins 

Mg per litre of pollutant no. 1 

Mg per litre of pollutant no. 2 



CBFACT(l) 
CBFACT(2) 



0.0 
0.0 



(4) 

This default value is non-zero to avoid computer underflow. 
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TABLE C.2. GENERALIZED QUALITY MODEL VARIABLES 



Card 
Group 



Format 



Card 
Columns 



Description 



Variable 
Name 



Default 
Value 



10F8.0 



1-8 
9-16 



Input hydrograph (as many cards 
as required) 

Flow in cfs in time step one 

Flow in cfs in time step two 



Q(l) 
Q(2) 






Up to number of steps specified 
in card group 3 



10 



Termination cards. Two blank 
cards will terminate proqram. 
If additional catchments are to 
be modelled, do not include two 
blank cards , but include new set 
of card groups 1 through 9. At 
the end of the last data set 
include two blank cards. 
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TABLE C.2. (CONT'D) 



Variable 
Name 



Description 



Units 



AREA 

AVAILl 

AVAIL2 

BASINS 

CC 

CBFACT 

CLFREQ 

CBVOL 

DDFACT 

DELT 
DRYDAY 
EXPTE 
Fl 

F2 

GQLEN 
IFLOW 

ISS 

KLAND 
LANDUSE 



Area of watershed 

Availability factor for settleable solids 

Availability factor for suspended solids 

Number of catchbasins 

Removing coefficient 

Concentration of pollutants in catchbasin 

Frequency of street sweeping 

Volume of liquid remaining in a catchbasin 

Dust and dirt accumulation rate for each 
land use area 

Integration time interval 

Number of dry days prior to storm 

Decay coefficient 

Percent of settleable solids contributing 
to each pollutant 

Percent of suspended solids contributing 
to each pollutant 

Total curb length for each land use 

Control parameter for using a particular 
flow method 

Control parameter for calculating suspended 
solids 

Number of land uses in watershed 

Land use type 



acre 



mg/1 
days 
cu ft 



sec, 



days 



100-ft 
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TABLE C.2. (CONT'D) 



Variable 
Name 



Description 



Units 



NPASS 
NSTEP 
PIMP 
PLOT? (I) 



Number of street sweeper passes 

Total number of time steps 

Percent imperviousness of watershed 

Parameter indicating whether or not 
plot is required for a pollutant 

Inflow for each time step 



i 



cfs 



TABLE C.3. GENERALIZED QUALITY MODEL GSQ|i SAMPLE INPUT DATA 
(Corresponds to Output in Tables C.k to C.7) 
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TABLE C.'t. INPUT PARAMETERS 
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TABLE C.^. (CONT'D) 
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TABLE C.5. INPUT HYDROGRAPH 
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TABLE C.6. SUMMARY OF QUANTITY AND QUALITY RESULTS 
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or implied, concerning the accuracy, completeness, reliability, 
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The program herein belongs to the Government. Therefore, 
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therein or to represent this program to anyone as other than a 
Government program. 
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FOREWORD 

This docuinent describes major revisions to both the program 
capabilities and input data structure of the oriainal September 1973 
version of the STORM program. The proqram was modified to include 
computations for the quantity and quality of runoff from nonurban areas, 
snowfall and snowmelt, and land surface erosion for urban and nonurban 
watersheds. The input data structure was reoroanized to accommodate 
the new features of the proaram. 
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"STORM" 
INTRODUCTION 

1. ORIGIN OF PROGRAM 

The original version of this program was completed in January 1973 by Water Re- 
sources Engineers, Inc. (WRE) of Walnut Creek, CA while under contract with 
the Hydrologic Engineering Center (HEC). Parts of the program had been 
previously developed by WRE for the Environmental Protection Agency and 
the City of San Francisco. The HEC has revised the input and output 
formats of the program to conform to its standardized methods as well 
as making the program modifications noted 1n the Foreward. 

2. PURPOSE OF THE PROGRAM 

This program represents a method of analysis to estimate the quantity 
and quality of runoff from small, primarily urban, watersheds. Nonurban 
areas may also be considered. Land surface erosion for urban and 
nonurban areas is computed in addition to the basic water quality parameters 
of suspended and settleable solids, biochemical oxygen demand (BOD), total 
nitrogen (N), and orthophosphate {PO4). The purpose of the analysis 
is to aid In the selection of storage and treatment facilities to control 
the quantity and quality of urban storm water runoff and land surface 
erosion. The model considers the interaction of seven storm water 
parameters: 

precipitation and air temperature for rainfall /snowmelt; 

runoff; 

pollutant accumulation; 

land surface erosion; 

treatment rates; 
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storage; and 

overflows from the storage/treatment system. 
The program is designed for use with many years of continuous hourly 
precipitation records. It is a continuous simulation model but may 
be used for selected single events. 

3. HARDWARE AND SOFTWARE REQUIREMENTS 

This program is available for the IBM 360/50. UNIVAC 1108, and CDC 
6600 or 7600 computer systems. It requires about 40,000 words of core 
storage and a FORTRAN IV compiler that accepts multiple ENTRY statements. 
Input is accomplished by card reader and possibly a tape/disk. Output is 
accomplished by a 132 position line printer. One to five additional 
tape/disk units are required for temporary storage durinq the processinq. 
The only oroqram differences between the three computer systems are due to 
FNCODE/DECnOE type statements and the way in which multiple output files 
are handled. Up to three output files are qenerated on tape/disk for 
printinq at the end of the job. 
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DESCRIPTION OF PROGRAM 

4. DESCRIPTION OF PROGRAM 

a. Concepts . The quantity of urban runoff has traditionally been estimated 
by using a design storm through frequency-duration- intensity curves or 
some other statistical means based on rainfall records. Such 
approaches normally neglect the spacing between storms and the 
capacity of the urban system to deal with some types of storms better 
than others. 

Often, through natural and artificial storage mechanisms, intense 
short duration storms may be completely contained within storage so 
that no untreated storm water overflows to receiving waters. Alternately, 
a series of closely spaced, moderately sized storms may tax the system to 
the point that excess water must be released untreated. 

It would seem reasonable, therefore, to assume precipitation cannot 
be considered without the system; a storm cannot be defined by itself, but 
must be defined in light of the urban storm water facilities. It is for 
this reason that an approach was developed that would not only recognize 
the properties of duration and intensity, but would also consider storm 
spacing and the capacity of the urban storm water system. 

Figure 1 shows, pictorial ly, the interrelationship of the seven 
stormwater elements considered in this approach to estimating storm, 
water runoff quality and quantity. In this approach rainfall washes dust 
and dirt and the associated pollutants off the watershed to the treatment- 
storage facilities where as much storm water runoff as possible is treated 
and released. Runoff exceeding the capacity of the treatment plant is 
stored for treatment later. If at some point the storage facilities 
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RAINFALL /SNOWMELT 




TREATMENT 



FIGURE 1 

CONCEPTUALIZED VIEW OF URBAN SYSTEM 
USED IN STORM 

become Inadequate to contain the runoff, the untreated excess Is wasted 
through overflow directly into the receiving waters. 

For a given rainfall/snowmelt record, the quantity, quality, and 
number of overflows will vary as the treatment rate, storage capacity, 
and land use is changed. Land surface erosion is a function of land use. 
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soil type, nround slooe, rainfall/snowmelt enerqy, and firosion control 
practices. A typical method of investigation is to alter the treatment, 
storage, and land use and note the resulting response of the system. 
A group of alternatives can then be selected from among those meeting 
the overflow quantity and quality objectives. 

The following sections describe the methodology of this approach 
of estimating urban runoff quantity and quality. The four major steps 
involved are 1} the computation of runoff, 2) the computation of runoff 
quality, 3) the computation of treatment, storage, and overflow, and 
4) computation of land surface erosion. 

b. Computation of Snowmelt. If snowfall /snowmelt computations are 
to be considered, the input hourly precipitation record must first be 
processed with a daily air temperature record for the same period of time. 
Snowmelt analyses are accomplished by the degree-day method as follows: 

MELT = COEF * (T - T^). MELT < PACK (i) 

where 

I1ELT » snowmelt in basin inches; 

COEF = degree day melt coefficient, usually about 0.05 - 0.1; 

T = average daily air temperature, °F; 

T-p = threshold temperature, "F, at which snow melts; and 

PACK = available snowpack water equivalent in basin inches. 

The Input precipitation record Is processed with daily average or 
max/min temperatures in order to determine snowfall or snov«nelt conditions. 
When the average daily temperature is below a freezing threshold, the 
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precipitation during that day falls as snow and accumulates in a pack 
and there is no runoff. Conversely when the average dally temperature Is 
above the freezing threshold, the snowpack melts and provides runoff in 
addition to rainfall, if any, during that period. The snow is assumed to 
melt from 0900 to 1700 hours. The resulting snowmelt and rainfall record 
replaces the original precipitation record as input to subsequent 
processing. Because rainfall energy is considerably larger than snowmelt 
energy for purposes of land erosion computations, days on which snowmelt 
occurs are flagged by negative signs so that the appropriate computations 
can be made for erosion. 

c. Computation of the Quantity of Runoff 

After the rainfall /snowmelt record is generated, runoff Is computed 
separately for the urban and nonurban portions of the watershed. After 
the urban and nonurban runoff are computed, they are combined into total 
basin Inches of runoff. 

(1) Urban Runoff: 

Urban runoff is computed as the following function of land use 

and rainfall /snowmelt losses. 

r = C (P - f ) (2) 

u u^ u u' ^ ' 



where 



r = urban area ru..jff in inches per hour; 

C = composite runoff coefficient dependent on urban land use; 

P = rainfall /snowmelt in inches per hour over the urban area, and 

f = available urban depression storage in inches per hour. 
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The runoff coefficient represents losses due to infiltration, 
It is computed from land use data as follows: 

L 



'u-%' ^'l - %\l, S'S 



(3) 



where 



C = runoff coefficient for pervious surfaces; 

C, = runoff coefficient for impervious surfaces; 

X. = area in land use i as a fraction of total urban watershed area; 

F. = fraction of land use i that is impervious; and 

L = total number of urban land uses. 

Before the runoff coefficient is applied, depression storage losses 
must be satisfied. Depression storage represents the capacity of the 
watershed to retain water in ditches, depressions and on foliage. 
The amount of depression storage at any point in time is a function of 
past rainfall/snowmelt and evaporation rates.. The function Is computed 
continuously by the following expression: 

f. = f«,. + N„lc . f. <D.. (4) 



where 



f = available depression storage, in inches, after previous rainfall; 

Nj, = number of dry days since previous rainfall; 

k = recession factor, in inches/day, representing the recovery 
(evaporation) of depression storaqp fn inchps; 

D = maximum available depression storage in inches. 
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Before the runoff from the urban area Is combined with the nonurban 
runoff, if any, it is subject to a diversion function. The flow which is 
diverted is considered lost from the system and is not used in any 
further computations. The equation for runoff is: 

K = ^.. ' w„(r - DVU„. ) for r < DVU ^ (5) 

u u u u mm u - max ' 

R = r - w (DVU - DVU - ) for r > DVU (f^) 

u u u^ max mm' u max 

where 

R = urban runoff after diversion; 

r = urban runoff before diversion; 

w = fraction of runoff between DVU and DVU . diverted: 
u max mm 

DVU J = runoff at which diversion begins; and 

DVU ' runoff at which no additional diversion can occur. 

(2) Nonurban Runoff : 

Runoff from the nonurban area of the watershed is computed in 
a similar manner to that from the urban area. The only exception is 
that there is only one land use. "nonurban," and the runoff coefficient. 
C^^, is an input variable and not computed using equation 3. Equations 
2, 4, 5 and 6 become: 
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\"-n- %K - "'"min' '<" '„ ^ "^^.j. and (9) 

The variables have the same definition as indicated previously and 
the subscript "n"indicates "nonurban." 

(3) Combined Urban and Nonurban Runoff 

After the runoff from the urban, R , and nonurban, R , areas of the 

watershed have been computed, they are combined on an area weiqhted basis 

to reflect basin inches of runoff from the total watershed as fnllov^s: 

R = (R A + R A )/(A + A ) (11) 

'^ ^ u u n n" ^ u n' ^ ' 

where 

R = basin inches of runoff from the total watershed; 

A = urban area in acres, and 

A = nonurban area in acres, 
n 

It is this runoff, R, that is subject to the storaqe/ treatment 
analysis discussed later. Figures 2a and 2b show oranhically the hourly 
precipitation (P), depression storage (f), excess rainfall/snovmelt 
(P-f) and the resulting runoff (R). 

d. Computation of Quality of Runoff 
(1) Quality of Urban Runoff 
The nost important contributor of pollutants 1n urban runoff is the waste 
and debris on the land surface. This occurs primarily as deposits in 
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the streets and autte^j and other imDervious ir&t? d»"»-'-no ;v iv *iy^t>*i^ 

or stonn sewers. Pollutants tend to accumulate on the land surface in 

many ways. Some of the most common accunulatlons occur in debris dropped 

or scattered by individuals, sidewalk sweepings; wastes and dirt from 

construction or renovation; remnants of household refuse dropped during 

collection or scattered by animals or wind; residue due to automobile 

exhaust and tires; and the fallout of particulate matter from the air. 

Irrespective of the way in which pollutants tend to accumulate on the 

urban watershed, they can be generally classified into one of the following 

categories of street litter: rags, paper, dust and dirt, vegetation, and 

inorganics. Based on street litter sample? taken during the Chicago study (ref. 

a),, the most significant category is the dust and dirt except during the 

fall of the year when vegetation becomes the dominant component. Nearly 

all of the pollutants found in urban runoff can be associated with the 

dust and dirt component of street litter. Some of the most significant 

water quality parameters include suspended and settleable solids, chemical 

and biochemical oxygen demand, nitrogen, and phosphorous. Other pollutants 

found in urban runoff can include pesticides, herbicides, fertilizers, and 

numerous inorganic constituents. Data on the rate at which pollutants 

build-up on an urban watershed are almost non-existent^ however, 

some information is presented in references a and b. The 

Chicago study ascertained the rate of build-up of dust 

and dirt In the streets of a number of different test areas and related 

the concentrations of various pollutants to the amount of dust and dirt. 

The pollutant accumulation rates of the Chicago study are incoroorated 

into this program as default values. The default data should only be 

used if no water quality data are available for calibration of the model. 
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The computation of the quality of urban stonnwater runoff involves a 
continuous analysis of the accumulation and washoff of the dust and dirt 
within the study area. The amount of pollutants washed into the storm 
drains and eventually to the treatment facilities or receiving waters is 
related to several factors including the intensity of rainfall, rate of 
runoff, the accumulation of dust and d1rt on the watershed and the 
frequency and efficiency of street sweeping operations. The rate of dust 
and dirt accumulation, DD. , for a given land use, L, can be expressed as: 

DD^ = dd|_ (Gj^/100) Aj_ (12) 

where 

DD. = rate of dust and dirt accumulation on land 
use L in lbs/day; 

dd, = rate of dust and dirt accumulation for land use L in lbs/day/100 
feet of gutter; 

G. = feet of street gutter per acre for land use L, and 
A. = area of land use L in acres. 

If the number of days since the last runoff is less than the street 
sweeping interval, the initial quantity of a pollutant c on land use L 
at the beqinninq of a storm 1s computed as: 



where 



P « total pounds of pollutant p on urban land use L at the beginning 

' of the storm; 

F = pounds of pollutant p per pound of dust and dirt; 

Np ' number of days without runoff since the last storm, and 

P * total pounds of pollutant remaining on land use L at the end of 
^ the last storm. 
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If the number of days without runoff is greater than the street sweeping 
interval, the following expression is used: 



''d = ^0 ^^-^^^ * VD^FpEd-E)" + (1-E)"-U...+(1-E)] 

+ DD, F„(Nr, - nNs) 



Vp^^^D ■ "'^^^ (14) 

where 

N - number of days between street sweepings, 

n = number of times the street was swept since the last storm, and 

E = efficiency of the street sweeping. 

Finally, the expression used to compute the rate at which pollutants 
are washed off the watershed Is 

MUp = p (i_e'^u^I^^)/At (15) 

where 

Rj = runoff rate in inches/hour from impervious surfaces, 
at = one hour, the fixed time interval in STORM, and 

E = urban washoff decay coefficient 

u 

This equation must be modified, however, because not all of the dust 
and dirt on the watershed is available for inclusion in the runoff at a 
given time, t. 

The following set of equations is used to calculate the rate of washoff, 
M. of the suspended solids (sus). settleable solids (set), biochemical 
oxygen demand (bod), total nitrogen (nit) and orthophosphate (PO^). 

*sus<*' = \us %us'*> "^T (16a) 
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where 



A = avail ability of suspended material 



» 0.057 + 1.4R^'^ 
EXPT - (l-e'^'^l) for At • 1 



hour. 



"^set<*) - \et%etf^J ^^^^ * ^166) 



where 



\et * availability of settleable material 
» 0.028 + R^*^. 



'^bod^^' ' '^bodf*' "f**^ * 0-lO^sus * O-O^MUjgt (16c) 



MU^.^(t) = P^^^Ct) EXPT + 0.045MUj.^^j. + 0.01 MU^^^ (16d) 



MUpQ (t) ' PpQ (t) EXPT + 0.0045MU^yj. + O.OOlMUjg^ {16e) 



If sonre of the urban runoff Is lost due to the diversion option, the 
pollutant washoff is reduced by the ratio of the flows before and after 
diversion. That is 



MU^ » MUp(R^/r^) . (17) 



where 



MU' = pounds/hour of pollutant after urban diversion works; 

MU * pounds per hour of pollutant p before urban diversion; 

R • urban runoff after diversion; and 

r • urban runoff before diversion. 
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(2) Quality of Nonurban Runoff 

The quality of nonurban runoff Is computed similarly to the urban 
quality washoff methods. Because there are no streets or gutters in 
the nonurban areas, the pollutant accumulations are in terms of pounds per 
day per acre for each constituent. The nonurban equivalent of equations 
(12) and (13) is 

where 

PN = total pounds of pollutant p on the nonurban area, A , at the 
^ beginning of the stormi " 

PA = accumulation rate for pollutant p in pounds/day/acre j 

A = nonurban area in acres; 

Njj = number of days without runoff since the last storm; and 

PNpo = total pounds of pollutant p remaining on the nonurban area at 
^ the end of the last stonn. 

The washoff of nonurban pollutants is a function of only the nonurban 
runoff rate and the amount of pollutants on the watershed. Equation (15) 
as modified for nonurban runoff is shown below. 

MNp = PNp (l-e-^n'"n^l^)/At (19) 

where 

MN = pounds washoff of pollutant p during time At (one hour); 

E^ = nonurban washoff decay rate; and 

r^ = rate of nonurban runoff in Inches/hour^ 

No analysis of the availability of pollutants, such as in equation (16), 
is made for the nonurban pollutants. 
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Nonurban runoff is also subject to diversion losses and the pollutants 
are handled similar to equation (17) as follows: 

where 

MH' = pounds/hour of pollutant p after nonurban diversion and 
^ the variables are as previously defined. 

(3) Combined Quality of Urban and Nonurban Runoff 

The pounds/hour of pollutant washoff after diversion, from the urban 

and nonurban areas are added together before being introduced to the 

storage/ treatment system. The resultant pollutant output is 

M„ = MU' + MN' ' (21) 

P P P 

for each hour of runoff. 

e. Computation of Storage, Treatment and Overflow 

Computations of treatment, storage, and overflow proceed in an hourly 
step-by-step method throughout a period of rainfall/snowmelt record. 
Every hour in which runoff occurs, the treatment facilities are utilized 
to treat as much runoff as possible. When the runoff rate exceeds the treat- 
ment rate, storage is utilized to contain the runoff. When runoff is less 
than the treatment rate, the excess treatment rate is utilized to diminish 
the storage level. If the storage capacity is exceeded, all excess runoff 
overflows into the receiving waters and does not pass through the storage 
facility. This overflow is lost from the system and cannot be treated 
later. While the storm runoff is in storage its age is increasing. Various 
methods of aging are used including average, first-in:last-out, first-in: 
first-out, or others, depending on the physical conditions encountered. 
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The computation of storage and the interplays among rainfall /snowmelt, 
storage, and treatment represent a simplistic approach to dividing a 
rainfall record into unique events such that the event is defined in 
light of the urban system. For example, whether two "storms" are 
considered as two isolated occurrences or as one large storm is entirely 
dependent upon how the system will react to them. If the system has 
not recovered from the first when the second arrives, the two definitely 
will interact and hence must be considered together. "Events" are defined 
as beginning when storage is required and continues until the storage 
reservoir is emptied. All the rainfall occurring within this period is 
part of the same event. If precipitation produces runoff that does not 
exceed the treatment rate, the runoff will pass through the treatment 
process not causinq an event. From the standpoint of the urban stormwater 
system, such precipitation is inconsequential and hence is not part of 
an "event" even if it should occur immediately preceding an event. 

The runoff coning into the storage/treatment system was computed in 
equations (11) and (17). The quantity of the system overflows are computed 
below. 

Qq = R - Qy - Qs f21a) 

Qt = minimum of (R + Q , T) (21b) 

' H-1 

q^ = minimum of (R - Qy, S) (21c) 

where 

Q = basin inches of runoff overflow, 
Q-j- = basin inches of runoff treated, 
Q = basin inches of runoff stored, 



Q = basin inches of storage remaining in previous hour, 
R = basin inches of runoff as calculated in equation (11), 
T = treatment rate in basin in basin inches/hour, and 
S = storage capacity in basin inches. 

The quality of the system overflows are computed as follows for each pollutant 

for each hour, 

"po " ''''P^V'^^ ^^^^^ 

V/s = % ' %o «22d) 
where 

M = total pounds of pollutant overflowing from system, 

M = total pounds of pollutant p coming into the system as 
P computed in equation (17), and 

My, = total pounds of pollutant p going to storage/treatment system. 

The program does not model the treatment process hut it does compute 
the quantity of water treated. It is assumed that the oollutants will be 
reduced to an acceptable level before the stonn water is released. The 
aqe of "Storage is computed as previously mentioned. 

f. Computation of Land Surface Erosion 
(1) Soil Erosion Equation 

The universal soil-loss equation, presented by Walter Wischmeier and 
Dwight Smith (references c and e) is used to calculate soil erosion. This 
empirical equation was developed for cropland east of the Rocky Mountains. 
One would question the validity of results obtained by applying it to crop 
land that Is located west of the Rocky Mountains much less to an urban 
area. 
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However, ^f one were starting from scratch to develop a soil erosion 
equation for urban areas and areas west of the Rocky Mountains, one could not 
identify more relevant variables than those presented in the universal 
soil-loss equation. Therefore, it is the calibration of these variables 
using crop land erosion data east of the Rockies that raises points 
of concern--not the basic equation* Itself. 

The equation and a brief description of each variable follows: 
Sell Erosion Rate =£!•<• (L«S) • C • P (23) 

where 

Soil Erosion Rate - Soil eroded from a plot in tons/acre/storm; 
EI = Rainfall factor based on rainfall/snowmelt enerqy 
K = Soil erodibllity factor based on soil properties in Table 2 
of reference d; 
L*S = Length-si ope factor , a function of ground surface slope and 
length of that slope as follows: 

L'S =J\/slope-length(L) (.0076 + .00535 + .000765^) where S 
is ground slope in percent and is associated with soil 
properties, Table 1 of reference d. 
^ ' Cropplnq-manaqement factor represents around cover and 1nclude<; the 
likelihood that a surface layer of coarse grained particles 
can develop if the soil Is not worked; and 
P = Erosion-control practice factor accounts for contourinn, 
sediment basins, etc. 
Rainfall factor . Although the rainfall factor is calculated from 
rainfall intensity, it is based on raindrop size versus terminal velocity 
as determined by a regression equation. A basic assumption is that rain 
storm events west of the Rocky Mountains produce rain drops which obey this 
same regression equation. This assumption seems reasonable. Snowfall, 
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however, produces no impact energy and yet, the resulting runoff erodes the 
land. Therefore, the EI value from snowmelt is arbitrarily decreased to 
1/3 of the value for an equivalent rainfall excess. This is based on a 
20/40 distribution of snowmelt to rainfall erosive energy. 

Length-slope factor . The length used in this factor should be the over- 
land flow distance to the point where a stream or gully is encountered. 
Construction can change that distance. Slope length would then be measured 
as the lot dimension in the direction of ground surface slope. The objective is 

to relate the length of the slope being analyzed to the length of the 
standard soil erosion test plots used to develop the soil erosion coefficients. 

CroPPing-management factor is used to reduce erosion rate due to 
the presence of ground cover. The following values are suggested. 



Table 1. Ground Cover Factors 



Ground cover 
or treatment 

Bare ground 

Natural terrain 

Seed and fertilizer (1) 

Seed, fertilizer & straw mulch (1) 

Erosion control chemicals A&B (1) 

Erosion control chemical X (1) 

Grass cover (2) 

Land denuded by fire (judgment) 



C Factor 

% 

100 



Remarks 



existing conditions 
60 during 18-20 mo. constr. period 



30 


II 


90 


H 


60 


II 


1 




100 





II II II 



HUH 



II II II 



(1) Reference f, p. 85. 

(2) Reference c, p. 14. 
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Erosion Control Practice Factor . The foil owl nn valups are suqgested 
in reference c, pp. 36-37. 

Table 2. Erosion Control Practice Factors 

100 
60 
80 
90 
40 
60 
70 

The values suggested for C and P are subjective; therefore, field verification 
Is needed. The Soil Conservation Service should be consulted for 
additional Information regarding local conditions. 

(2) Erosion of Terrain 

The soil erosion variables, except for EI, are coded into the computer 
program so that one need only to specify the soil type by its classification 
code { BtB, HaC, .... etc.) and the program will calculate the erosion 
rate and total erosion. An example of soil map showing soil types is 
illustrated In the following figure. 



Practice 


Land Slope [%) 


No consideration 


'*" 


Contouring 


<12 


Contouring 


12-18 


Contouring 


18-24 


Contour strlpcropping 


<12 


Contour strlpcropping 


12-18 


Contour strlpcropping 


18-24 
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Figure 3. Soil Hap 



A transparency showing soil types can be made to overlay aerial 
mosaics. Soil types can be associated with land use by this method. 

The program does not require the user to code every soil type In the 
basin study area. One or more sample areas can be selected and coded 
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and the program will "scale up" the soil erosion variables to include the 
entire study area. For example, the soil types, columns (1) and (4) 
in Table 3, were coded from the 1/2 square mile sample area shown on 
Fig. 3. 

Table 3. Sampling Soil Types in a Study Area 



Soil 
Type 


No. of 
Grid Points 
(sample) 


% of 

Study 

Area 


Soil 
Type 


No. of 
Grid Points 
'sample) 


% of 

Study 

Area 


(1) 


(2) 


(3) 


(4) 


(5) 


m 


LbC 


3 


,? 


BeB 


F 


1.1 


CaC 


3 


.7 


PtE 


M 


1.2 


PtD 


6 


1.4 


PtB 


B 


l*^ 


C1D 


4 


1.0 


LaD 


17 


■ 4.0 


DaT 


4 


1.0 


PtB 


,f 


.1 


C1E 


4 


1.0 


LaD 


t 


1.4 


CiE 


5 


1.2 


EnB 


4 


1.0 


CiD 


12 


2.9 


PtD 


t 


.1 


PtC 


12 


2.9 


PtC 


2 


.5 








TOTAL 


104 


25.0 



A grid sampling technique was used in which a 1/2 square mile grid 
has 104 points. The numbers of points in various soil groups In the sample 
are shown in columns (2) and (5). The percent of the total 2 square 
mile study area is calculated by dividing the number of points for each 
soil type by the number of grid points in the total study area (416). 
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If one sample Is not adequate to describe an entire study area, 
several representative samples may be taken. 

(3) Erosion During and After Construction . 

When evaluating the impact of a development on land surface erosion 

from the area, L, S, C and P may be specified for each land use. The 

soil type codes are used again to identify the soil types in each land use 

category. The program will then calculate erosion rate, erosion, and 
washoff of dust and dirt from impervious areas either for a single storm 

or for a period of record of events. By varying C and P one can calculate 

erosion during construction or during some other phase of land management. 

By comparing these results with that from natural conditions, the 

increase or decrease in land surface erosion due to ultimate development 

or the interim construction practice can be estimated. 

(4) Erosion by Land Use . 

One must specify the variables for equation (23) for each land use. 
It Is difficult to select one average value when there are so many different 
soil types; therefore, the capability of specifying each set of soil and 
erosion control properties as a percent of the total area for that land 
use is provided. The program weights and combines these distributed 
properties into one representative value for that land use called "potential 
soil erosion factor." 

Each land use may be sampled independently from all others. There is 
no program limit to the number of samples or the number of soil types. 
Some samples may account for 100 percent of the land in their land use 
category while others in the same data set do not. 
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(5) Sediment Delivery Ratio (SDR) 

The soil erosion equation (23) predicts the erosion rate at the 
point where soil leaves that plot of ground (I.e., land use category). 
Other factors are Important In determining how much of that sediment 
reaches the outflow point of the watershed being analyzed. Sediment 
will deposit in the surface and subsurface conveyance systems, streets, 
sediment traps and on other land uses. The size of sediment particles, 
flow depth, and flow velocity are among the Important factors. 
This program lumps all of these Into one constant called the "Sediment 
Delivery Ratio," 

The Sediment Delivery Ratio is an empirical coefficient. It replaces 
all of the complex equations required to model sediment transport In 
conveyance systems plus the even less understood movetnent of sediment- 
laden overland flow beyond the land use category being analyzed. Values 
are needed for urban as well as nonurban land uses. Therefore, It must be 
calibrated for each watershed. 

Using Figure 4 and soil types from Table 3, the suggested 

procedure for coding erosion variables by land use is as follows: 



Stream 



Str««1 




Op«n Spoca 



Lot*l 



Fig. 4 

Cross Section of Natural Tsrrain 
and Propos0d Construction 
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Table 4. Coding Erosion Variables 



Soil Type 



Land 

Use 


Code 


of this 
Land Use 


Length 
ft. 


Slope 




% 


P 

% 


OPEN 


LbC 


TOO 


* 


* 


* 


* 


SINGLE 


CaC 


50 


no 


-3 


1 


* 


SINGLE 


Ptp 


50 


no 


3 


1 


* 



SDR 
1.0 



.1 



♦Consult SCS personnel for appropriate values. 

This example assumes a fully developed condition. The OPEN space 
is assumed to be In soil type LbC which makes up 100% of the "OPEN" 
land use. Its length and P default, K Is defined by knowing LbC. C Is 
assumed to be 2%, Since the area drains Into a stream, the SDR (sediment 
delivery ratio) is assumed to be 1. 

Single unit residences In Figure 4 drain into a street or onto a 
neighbor's yard. A negative slope indicates drainage onto a street or 
other impervious area. This is assigned a SDR of .95, For SINGLE units 
which drain away from the street, a SDR of 0.7 was calculated from the 
LS equation as follows: 

for 1 lot length L =« 110', s - 3% LS -VUC. 03034) « .32 

for 2 lot lengths L « 220'. s « 3% LS -V2L(. 03034) - .45 
SDR = •■'V.45 - .7 

As the user becomes more familiar with the map scales and use of this 
procedure, he will probably reduce the amount of detail in sampling and 
use, instead, more judgment. 
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available on magnetic tape from 
the National Heather Service 



(5) Program Operation 

a. Computational Procedure 

A suwmary of the computational procedure is shown in Figure 5. Some 
of the computations may be bypassed depending upon the program options 
specified. The first block of Figure 5 where "basic data" are read 
Includes Infomtatlon on 

Job specifications, 

Hourly precipitation record, 

Daily temperature record. 

Land use data including runoff parameters. 

Pollutant accumulation and washoff data, and 

Land surface erosion data. 

The entire ralnfall/snowmelt record Is processed for each storage/ . 
treatment alternative as shown In Figure 5. 

b. I/O Unit Assignments and Program Specifications 

The program requires a minimum of one tape/disk unit If rainfall is 

read from cards and only the quantity output report Is generated. The 

following unit assignments are necessary for the Indicated options, 

FORTRAN Logical Unit Option 

IN (Input variable) Input precipitation record from tape/ 

disk "IN" 

ITAPE (Input variable) Input temperature record from tape/disk 

"ITAPE" 

tt Working storage for snowmelt computation 

If Working storage for precipitation record 

li Output file for Quality Report 

W Output file for Pollutograph Report 

^1 " ' Output file for Sediment Report 



'3'_Ji;;pi.'!-,C-"^V-ieaj^c: 



Figure 5. Computational Procedure Flow Chart 



Basic data and snow 

computations if 

required. 



Read storage- 
treatment data. 
After last data» 
end job. 




I 



Process rainfall/ 
snowmelt data 
each hour. 



G 



Compute urban q 
and QVI in inches 
over urban area. 
Override Q if hy- 
drograph input. 
Accumulate rain- 
fall /snowmelt 
energy. Apply 
diversion. 




Yes 



No 



Compute nonurban Q 
and QW in Inches 
over nonurban area. 
Override Q if hydro- 
graph input. 
Accumulate rainfall/ 
snowmelt energy. 
Apply diversion. 



Compute area weighted 
average Q in inches 
over total basin. 
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Fig. 5 (cont.) 




No 



J£S_ 



Store runoff 
to capacity^ 
overflow 
remainder. 




Yes 



Treat water 
in storage. 




J[£S_ 



-> 



Compute land sur- 
face erosion for 
event. Output 
event information. 



Suiiriarize Q+QW 
for event. 
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It Is only necessary to use a maximum of four tape/disk units at 
one time. The snowmelt computations need not be recomputed for each 
Job. Once the snowmelt computations are satisfactory, the working tape/ 
disk on unit 12 can be saved for future jobs. The input data then 
specifies this direct input on unit 12 and units IN. ITAPE, and 11 are 
not necessary. The Input Description, Exhibit 3 describes the variables 
necessary to accomplish these tape/disk options. 

In addition to the tape/disk units previously mentioned, the program 
uses the card reader and a 132 position line printer. Some other 
specifications of the program operation are shown below. 

UN I VAC 1108 CDC 7600 

Core storage, words 40,000 40,000 

Compilation time, CPU seconds fi 3 

Execution of Test 1 , CPU seconds 14 2 

Execution of Test 2, CPn seconds 17 3 

c. Model Usage 

The STORM program can be used for a number of different studies in 
urban areas. Three major applications are: 

Storage/Treatment analysis for runoff from an urban area; 

Quantity and quality contributions from an urban and/or 
nonurban area for input to a system model; and 

Analysis of land use management on individual parcels of land. 

Before the model can be used in these analyses, the model parameters 
must be calibrated to observed quantity, quality and erosion data. 
Calibration may be accomplished by running the zero storage/zero treatment 
alternative where all rainfall excesses and runoff are shown. From 
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this output the monthly volumes of runoff can be suimarlzed and compared 
with historical runoff. This comparison will assist parameter adjustment 
for the long term water balance. Pollutographs may be requested for 
selected events and further calibration made to reproduce hourly runoff 
volumes or pollutant loadings. 

(6) Input Structure 

A detailed description of the STORM input data is given in Exhibit 3. 
The data are on punched cards and tape/disk as indicated by the Input 
options. The input data for two test problems are shown in Exhibits 1 
and 2. 

(7) Output 

The STORM program produces four output reports. They are 
Quantity Analyslsi 
Quality Analysis; 
Pollutograph Analysis; and 
Land Surface Erosion Analysis. 
The quantity analysis report is generated directly on the line printer 
as the program executes. The other three reports are generated concurrently 
on tape/disk for later printing at the end of the Job. Input variables 
allow control of the level of printout which may be summary only, all events, 
and/or detailed analysis of selected events. The quantity and quality 
reports also Include average annual statistics of the ralnfall/snowmelt. 
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runoff, pollutant washoff and the quantity, quality and frequency of 
overflows to the receiving water. The land surface erosion report shows 
average annual values for sediment production and delivery to the receiving 
system. 

Test problems 1 and 2 in Exhibits 1 and 2 illustrate some of the 
various forms of the output. The column headings for the quantity 
report are described in detail by a program generated table of definitions 
following the report. The column headings for the other three reports are 
self-explanatory. 
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Exhibit 1: Test Problem #1 

Test problem #1 Incorporates the following analyses usina 
the STORM program. 

Quantity and quality of runoff from a multi-land use 
urban watershed . 

Rainfall only as precipitation Input, 

Calibration, 

Storage/Treatment analysis, and 

Follutographs for selected events. 
The following pages of this exhibit show the input data and the 
corresponding program output for the above analyses. 

Calibration of the model parameters is accomplished through the 
use of the zero storage/zero treatment alternative. Under this alternative, 
the rainfall excess is not altered by storage or treatment so that a 
detailed comparison of computed and observed pollutographs can be made 
for selected storms. Further calibration can be accomplished by comparing 
computed and observed quality and quantity of runoff for any duration 
(e.g., monthly, yearly, etc). 

The zero storage/zero treatment alternative is also used to predict 
the quantity and quality of runoff from uncontrolled areas. Tiie predicted 
runoff may be used to compare the effects of different land use development 
schemes. 

I The nonzero storage/ treatment analysis Is used to aid in sizing 
storage/treatment facilities. The procedure is to compare the frequency, 
quantity and quality of system overflows for various storage/ treatment 
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alternatives. This information along with the costs of the facilities can 
lead to a least cost solution for a particular degree of acceptable 
overflow quantity and quality. 
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CORE AH£A 



AREA 
3136,00 



CPtRv 
- .1& 



DEPRESSION STORAGE UNCHES; 
,100 



ClMP 
-.90 



MKLC 

4__ 

RFU 
1.00 



EXPTE 
j«^60£ 

lOU 

— vo 



REFF 

.700 



DVU 
■0,00 



-0,00 



■0.00 



D*ILV EVAPORATinw RATta FOR EACH MONTH, JAN-DEC In InCmES/DAV 
T23~,3<> "".6«> ~;95 J,lfc r.2«) l.S"* 1.2e~ .9a .59— ,U0 .25 






LnOUSE PRCnT FIuP 
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COMHCL 

'upm — 
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"50.0 

50,0 100, 
—070 20.0" 



a 3(1,0' 



~*o 
100 

TOO' 
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-0,00' 

5,70 
"-ffiOO" 



POUNDS POLLUTANT PES lOOLB OD 



"" SUSP 
•0.000 
-0,000 
21^200 
-O.OOff" 



StTL" 

-0,000 

-0,000 

2.300 

-o;t)oo" 



C^lHPUTfcO HUf^OFF COEFFICIENT FOR WATERSHED IS .39750 
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.950 
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■0,000" 
,009 

roVDOO" 



TRiCTT0fT~nF"IR¥AN""Va7£flSHEDTSJTnrS~rf<PERVrQU8 ISTISOO" 
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COHMCL 
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-PRCNT~0F PUCMT GUTTfRS — H8EEPING — 

LND AHtA ImPeHw FT/aC INTHVL. OYS 

70,0 " — uD.O 275,0 fcO ~ 

3.0 50.0 430.0 60 
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'T5D~B A TE~ * ***** ** * A'TLBS^-pntLVT ANr/TffOVBf~OD^* * *'* • * * * **" 
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Exhibit 2: Test Problem *2 

Test problem *2 Incorporates the followinq analyses usinn the 
STORM program. 

Ouantlty and quality of runoff fron a watershed comprised 
of both urban and nonurhan land uses. 

Snowfall and snowmelt analysis. 

Storage/Treatment analysis. 

Polltitoqraphs for selected events. 

Land surface erosion for both urban and nonurhan portions 
of a watershed. 

The followinq paces of this exhibit show the Input data and the 
correspondinn output for the above analyses. 
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EXHIBIT 3 
INPUT DATA DESCRIPTION 

Each Input card ts described In detail below. Variable locations 
on each card are shown by field number. Most cards are divided into ten 
fields of eight colunins each except field 1. Variables occurring In 
field 1 may only occupy card columns 3-8 because card columns 1 and 2 
are reserved for the card Identification alphanumeric character. The 
card identification characters will be referred to as field zero. Cards 
with a different format are so noted. 

The d<**'»rent values a variable may assume and the conditions for 
each are described for each variable. Some variables simply indicate 
whether a program option is to be used or not by using the numbers -1, 
0, 1, etc. Other variables contain numbers which express the magnitude 
of the variable. For these, a plus sign (+) is shown in the description 
under "value" and the numerical value of the variable is entered as input. 
Where the variable value is to be zero, the corresponding field may be 
left blank because a blank field is read as zero. A value of "AN" 
refers to alphanumeric characters. 

a. A Cards (three cards required) 

Three title cards Al , A2, and A3 for output title. 

Field Variable Value Description 

Al Card identification in columns 1 and 2. 

1-10 NTITLE AH Job title Information, preferably 

centered in columns 3-80. 

1 Third title card will be used as a 
heading on each output page. 
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b. B Cards (two cards required) 
Job specification cards. 

B1 Card (required) 

Field Variable Value 





1 



3f 



NWSHD 



ISNO 



NONURB 



ISED 



IQUAL 



lEVNT 



B1 

1 

& 

1 



% 
6 

1 



Description 

Card identification. 

Number of watersheds to be analyzed. Calls 
for MWSHD sequences of E through T cards 
as required. Default = 1. 

No snowmelt computations are desired. Omit 
D cards. 

Snowmelt computations are to be made using 
D cards. 

Nonurban watershed computations will not 
be made. Omit H, J, and K cards. 

Nonurban watershed computations will be 
performed using H. J, and K cards as required. 

No land surface erosion computations will 
be made. Omit * through R cards. 

Land surface erosion computations will be 
made using * through R cards. 

No water quality computations will be made. 
F2 cards are still required even though 
blank. 

Water quality computations will be made. 

No detailed analysis (pollutograph) of 
selected events is desired. IPOLMX (T2-3) 
will be zero. 

Detailed event analysis will be required, 
IPOLMX (T2-3) "lay be greater than zero. 



B2 Card (required) 

Climatic data. 
Field Variable 



1 NSUMR 

2 LEXT 

3 LINE 



4 



LDATE 



Value 
B2 

+ 



LHR 



Description 

Card identification 

Length, in days, of average suimer (period 
of no rain), default = 42. 

Number of initial hours of overflow 
for which separate quantity and quality 
reporting Is desired (default * 3). 

Number of years of rainfall represented 
on rainfall record (default = computed 
value). 

Date (YR, MO, OY) of the end of rainfall 
for the last major precipitation preceding 
the first rainfall record. Six 
columns right justified, (default = 6 days). 

Number of days since the end of rainfall 
from last precipitation orecedinq the first 
rainfall record. (Default » 6) 

Hour of last major precipitation preceding 
the rainfall record. (Default = midnight) 
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c. C Cards 

Precipitation data. 
C] Card (required) 
Field Variable Value 





1-4 



rWME 



IN 



M 



Description 

Card identification. 

Title of precipitation record, columns 
3-32 inclusive. 

Precipitation data is to be supplied on 
C2 cards. 

Unit number for precipitation data tape/ 
disk. No C2 cards are read. Format is same 
as on C2 card. 



IFILE 



I START 



lEND 



IR 




T 



Previously generated unformatted binary 
tape/disk rainfall/snowmelt records will 
be used on FORTRAN logical unit 12. 
Omit C2 and D cards. This is a time saving 
option in that the basic precipitation 
and temperature data need only be processed 
once. Upon generation of a satisfactory 
rainfall/snowmelt file, the tape/disk on 
logical unit 12 should be saved for future 
use under this option. 

Number of tape files to be skipped in order 
to reach precipitation records. Used only 
if data is read from tape. 

Date (six digit integer for year, month and 
day) of first precipitation record to be 
analyzed. Default equals first day of 
the precipitation record. Can be used to 
start analysis at any point in a precipita- 
tion record. 

Date of the last precipitation record to 
be analyzed. Default equals last day in 
the precipitation record. Not to be used 
if input precipitation data is on cards. 

Input precipitation (snowmelt) record will 
not be output on printer. 

Print input precipitation record. 



m. 



c. C2 Card (Required only if IN(Cl-5) is 5). Format (2X. 16, 2413). 
Field Variable Value Description 

Card identification. 



i 



KDATE 



C2 

* 



2-25 



KRAIN 



Date of rainfall data on this card. 
Year, month and day specified in six 
columns: 3-4, year number; jf-6, month 
number; 7-8, day number. 3 

Hourly rainfall in hundredths of an 
inch per hour specified in 24 three- 
column fields. 



Repeat one C2-card for each day of rainfall. A blank C2-card must follow 
the last day of rainfall. 

d. D Cards (two cards required only if ISNO (Bl-2) is greater than zero). 

Snowmelt parameters. 

Dl Card (Required only if ,SNtl (Sl-c) is yrtater tnan zero). 

Description 

Card identification. 

Input unit for temperature data. 

Number of files to be skipped to reach 
file in which starting record occurs. 

Temperature (integer) below which snow 
falls and above which snow melts. 

Starting snowpack water equivalent over 
basin in hundredths of an inch. 

Average temperatures are on 03 card. 

Max/Mi n temperatures are on 03 card. 

Degree-day melt rate coefficient. 
Default » .07. 



Field 


Variable 


Value 







m 


1 


ITAPE 


'■■^ 


2 


IFILE - ^ 


. "' # ■ ^ 


3 


IFREZ 


# 


4 


I PACK 


# 


5 


ITMP 




6 


COEF 


-* 
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D2 Card (Required only if ISMO (ni-2) is greater than zero). 

Daily temperature data in Weather Bureau format (5X, 16, 213, 55X, 13). 
Only -lax/Min or average temperatures are necessary as indicated by 
ITMP (ni-5)*. 

Description 

Card identification or station identification 
in Cols. 1 through 5. 

Date, integer, six digits for year, month 
and day in Cols. 6 through 11. 

Maximum daily temperature, °F, Cols. 12-14. 

Minimum daily temperature, "F, Cols. 15-17. 

Average daily temperature, °F, Cols. 72-74. 

Lj2 cards are repeated for each month for the period of analysis. All days 
of the month are to be included even for the last month. 



Field 


Variable 


Value 







Q3 


1 


JDATE 


* 


2 


I MAX 


f 


3 


IMIN 


# 


4 


ITEMP 


* 



e. E Cards (required) 

E through T cards fas required) are repeated for each watershed. The 
previous rainfall (snowmelt) pattern, KRAIN as modified by snow 
routine, will be used for each watershed. 



El Card (required) 



Field 


Variable 


Value 







El 


1-2 


NAHEWS 


AN 


3 


MXLQ 


¥ 



EXPTE 



Description 

Card Identification. 

Title of watershed. 

Hunter Of lanfi use groups modeled 
(Max = 5). HXIG pairs of Fl, F2 cards 
will be read for land uses as defined 
on Fl card. 

Exponent for dust and dirt washoff, 
equation (7) in text: 



M, 



P, (1 



^-EXPTE*Atj/^, 



♦Default =4.6 



REFF 



Street sweeping efficiency (ratio of 
material picked up to the total material 
on the street) as a decimal fraction 
(default » 0.70). 
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E2 Card 


(Required) 




Field 


Variable 


Value 


Q 




E2 


t 


AREA 


'♦ 


t 


CPERV 


^ 



'W 



CIMP 



RFU 



IQU 



DVU 



DVUMX 



W 



t 
T 



E3 Cards (two cards required) 
Initial loss rate and recovery 
Field Variable Value 





r 



OEPRS 



RECVRT 



RECVRT 



E3 
* 



Dascription 

Card Identification. 

Total urban area, in acres, of the watershed. 

Runoff coefficient for pervious areas 
(default ' .15). 

Runoff coefficient for impervious areas 
(default » .90). 

Factor by which KRAIN. rainfall array, is 
multiplied to obtain average rainfall 
over urban area. 

No hydrographs are to be input on 6 cards. 

Hydrographs will be read on G cards and 
be used to override computed runoff 
during periods Indicated. 

Minimum flow (cfs) above which flow from 

the urban area is diverted (default=no diversion) 

Maxiinum flow (cfs) above which all additional 
flow IS diverted. 

Proportion of available flow between DVU'lX 
and DVU that is diverted. 



data. 

Description 
Card identification. 



Depression storage, average over total 
watershed, in inches. 

Potential evaporation rate, 
inches/day (for recovery of depression 
storage) for January. 

Evaporation rate for February. Continue 
similarly for March through December. 



400 



f, F Cards (two cards required for each land use) 

FT Card (required) 

Land use data. FT, F2 card pairs are repeated for each of MXLCi (El-3). 



Field 

1 



3 
4 



Variable 



L MOUSE 



PRCNT 

PIMP 

STLEN 

HCLEAN 



Value 

Fl 
SINGLE 

IIULTPL 
COIlilCL 
riDSTL 

npEN— 



4' 
+ 



Descriotion 

' . . . . 

Card identification. 

Single family dvjellinqs. 

Multiple fanily dwell inqs. 

Commercial developnont. 

Industrial developnent. 

Open or park area, ^'onurban land use 
is described separately on H cards. 

Percent of urban watershed area 
(card E2-1) in this land group. 

Percent iiiiperviousness of this land group, 

Length of street gutters in feet per acre. 

Number of days between street sweeping 
in each land use group (see Note 1 for 
default value). 



F2 Card (required) 

Pollutant accumulation and contents. See *!ote 1 
Field Variable Value Description 

Card identification. 



(J 




F2 


1 


m 


+ 


2 


FRACTN(L. 1) 


+ 



y^ FRACTN(L. 3-6) + 



Daily rate of accumulation of dust and 
dirt in pounds per 100 feet of gutter. 
See Mote 1 for default value. 

Pounds of susnended solids ner 100 pounds 
of dust and dirt (see note 1 for default 
vdlue). 

Pounds of settleable solids, BOD, .Nitrogen 
and orthophosphate respectively per lon 
pounds of dust and dirt. See Note 1 for 
default values. 



Field 


Variable 


Valtie 


0. 




Gl 


1 


A 


* 



g. G Cards (Required only if IQU (^2-5) is greater than zero). 
Direct input urban hydroqranh data. 

Gl Card 

Description 

Card identification. 

Transformation factor "'\" for the input 
urban hydrograph, QU, (G2-3) according 
to the folloi-'inq equation: 

QU = A + 3*0U 
Urban hydrograph transformation factor B. 

Description 

Card identification. 

Station Identification, integer. 

Date, Integer, of flow to be Input, Must 
correspond to a date In the rainfall/ 
snowmelt array. 

Average flow during first hour of day 
IDATE. 

Average flow during second hour of day 
IDATE. 

Average flow during hours 3-3. Following 
two G2 cards have same format for hours 
9-16 and 17-24 respectively. G2 cards 
are repeated for all days for which flow 
Is to be Input. A blank card ends the 
S2 card sequence. Maximum of 100 days 
in ascending sequence. 



2 


B 


* 


G2 Card 






Field 


Variable 


Value 







m 


1 


IDQU 


4 


2 


IDATE 


# 


3 


QU(1) 


* 


4 


miz) 


i 


5-10 


QU 


i 



koi 



h. H Cards (required only If NONURB, Bl-3, Is greater than zero). 
Nonurban watershed data. 



HI Card 
Field 

1 



Variable 
AREAN 

m 



IQN 

DVN 

DVNMX 

WN 
EXPTN 



Value Description 

Ml Card identification. 

+ Area of nonurban part of watershed in 
acres. 

it- Runoff coefficient for nonurban area; water 
excess will be multiplied by this factor in 
order to determine runoff. 

* Factor by which KRAIN, rainfall array, is 
multiplied to obtain average rainfall/ 
snowmelt over nonurban area. 

0; No hydrographs are to be input on K cards. 

1 Hydrograph{s) are to be input on K cards. 

■*' Minimum flow (cfs) above which flow from 

the nonurban area is to be diverted. 

(default = no diversion). 

4 Maximum flow (cfs) from nonurban area, 
above which no additional flow can be 
diverted. 

4 Fraction of available flow that is 
actually diverted. 

4 Exponent for pollutant washoff from 

nonurban area. Similar to EXPTE (El -5) 
for the urban area. Default - 4.6. 



H2 Cards 

Field Variable 


1 DEPRH 

2 RECVN(l) 

3 RECVri(2) 



Value Description 

M Card identification. 

4 Depression storage. In inches, over nonurban 
area. 

+ Potential evaporation rate. Inches/ 

day (for recovery of nonurban depression 
storage) for January. 

+ Potential evaporation rate for 

February. Continue similarly for March 
through December on this and next H2 card. 



^03 



Field 


Variable 


Value 


9 




01 


1 


P0L{1) 


+ 


2-5 


P0L(2) 


+ 



i. J Card (required only if H cards are used) 

Pollutant accunulation on nonurban area of the watershed. See 'lote 2 
for suggested values. There are no defaults for these variables. 

Description 

Card identification. 

Pollutant accumulation rate for suspended 
solids 1n Ibs/acre/day. 

Pollutant accumulation rate for settleable 
soUds in Ibs/acre/day, Similarly for 
BOD, total nitrogen and orthophosphate, PO^. 

j. K Cards (Required only if IQN, Hl-4, is greater than zero) 

Direct input nonurban hydrograph data. 

Kl Cards 

Field Variable Value Description 

Q Kl Card identification. 

t $ ■*■ Transfomation factor "'\" for the Input 

nonurban hydrooraoh, H'J, (K2-3), 
, accordinq to the followinn equation: 

ON = A + B*nN. 
Nonurban transformation factor B. 



Description 

Card identification. 

Station identification. Integer. 

Date, integer, of flow to be input. Must 
correspond to a date on rainfall/snowinelL 
record. 

Average flow during first hour of day 
NDATE. 

Average flow during second hour of day 
NDATE, and for following hours 3-8. 
Following two K2 cards have same format 
for hours 9-16 and 17-24 respectively. K2 
cards are repeated for a.11 days for which 
flow is to be input. A blank card ends 
the K2 card sequence. 



2 


B 


4 


K2 Cards 






Field 


Variable 


Value 







K2 


t 


IDQN 


.# 


^ 


NDATE 


♦ 


3 


QN(1) 


# 


4-10 


QN(2) 


+■ 



'tO'* 



LAn SURFACE FROSION 



Cards * through R form the input data set for calculating land 
erosion. The data set Is divided between cards describing the soil 
characteristics under natural conditions - this would be * through P4 
and the construction and land use requirements to develop the site 
described on cards Q and R. 



k. * Card 

Comment cards. To describe and Identify the land surface erosion 
data. Use as many as are needed. 

Field Variable Value Description 

* Card identification. 

1-10 Any a-numeric data that is required to 

Identify and describe the soil erosion 
analysis. If more than one card is 
required, show again the * in column 1 
and title information across that 
card, continuing until all the title 
information is entered. 

1. P Card 

Soil series identification. 

Field Variable Value Description 

ICG P Card identification. 

1-10 a-numerIc description of the soil 

series identification by slope and 
soil type. 



^OS 



PI Card 

Job parameters. 
Field Viriable 




3 



ICG 
MOS 



Value 
PI 



MPD 



5 


MCSC 


6 


ICSG 


7 


WF 



8 



RMI 



SMEC 



Description 

Card identification. 

Maximum number of depths in the soil 
column. P4-card soil properties are 
identified at MDS depths beneath the 
ground surface (default = 3). 

flaximum number of soil parameters for 
each depth entry. P4-card shows one 
parameter "XK" for each depth entry. 

Maximum number of characters in the 
soil classification code (default » 3), 

Maximim number of characters in the 
slope group (default =1). 

The range of WF is to 1. A value 
weights the natural ground slope to 
the minimum value of the soil group. 
A value of 1 weights the natural ground 
slope to the maximum value for this 
soil group (default ».5), 

Ratio of maximum hourly Intensity to 
the maximum 30 minute intensity. If 
the maximum 30 minute intensity is 
available from rainfall tapes, the RMI 
value Is not used (default - 0.8). 

Snowmelt erosion coefficient for reduction 
of erosion related energy Cdefault = .33 
of the rainfall value). 



ko6 



P2 Card 



Ground Slope Data 
Field Variable 




3 



ICQ 
NSG 

SLOPE 



P4 Card 



Soil properties 



Field 



Variable 
ICJS 
KSP 



NSG 



DEPTH 



m 



Value 

■ # 



Value 
P4 



Description 

Card identification. 

Number of the slope group which the 
following slope values describe. 

SCS designated slopes that describe 
ground surface slope. All of the soil 
series identification codes can be 
divided into two slope groups. There- 
fore, two P2 cards are required. The 
distinguishing factor is the rate of 
change of slope with designations "a" 
through "e". Express In percent. 



Description 

Card identification. 

Enter the first two digits In the o- 
numeric code assigned by SCS to identify 
soil series. Group all soils in the 
same slope group together. Use as 
many P4 cards as are required to 
describe each soil type. 

The soil type on this card belongs to 
slope group NSG, reference card P2. 

The depth below the ground surface in 
inches for which soil properties have 
been identified. 

Soil-erodiblll^ factor (K) In the 
universal soil-loss equation. Enter 
one value for each depth and as many 
depths as MDS on card PI . 



PG Card 


(Optional) 


Changes 


default values of erosion potential factors. 


Field 


Variable Value Description 


n 


ICC, P"^ Card Identification. 


1-2 


Alpha-numeric description. 


3-9 


Use same variables is fiel 



1-1 of 
'J-Card. 



ito? 



m. C_ 


Card 






Sediment trap data 




Field 


I 


i/ariable 


Value 







tm 


tj 


1 




TEFF 


* 


n. R_ 


Card 







Description 

Card Identification. 

Trap efficiency desired for the sediment 
detention reservoirs. If none is desired 
this card may be omitted. 



Erosion potential model by land use. The R card data describes 
potential development by land use as it will impact on sediment erosion 
potential. Any number of R cards may be utilized. The entire basin 
may be modeled or a small portion may be selected as a sample and 
the model constructed for the sample and the sample will be expanded 
automatically by the proqran to represent the entire basin. 

Description 

Card identification. 

Two entries are made into the variable ISI 
array. The first is land use using 
the land use code as follows: 

Single family units. 

Multiple family units. 

Comnercial use. 

Industrial. 

Open area, such as parks or non-d«yeloped 
urban area. 

Nonurban land which contributes water 
and sediment runoff to the urban area. 

The second entry in 1ST is thp soil 
series identification for the land used. 
It may come from the table of values 
entered on Card P4, in which case the 
slope and soil-erodibility properties 
can be determined from that table. 
(Otherwise, these values may be entered 
on the R card, and depth of cut or 
fill calculations cannot be made.) 



Field 


Variable 


Value 


.0 


ICG 


R 


1-2 


ISI 


SINGLE 
MULTPL 
COMMCL 



INDSTL 
OPEN 



NOriURB 



408 



R Card (cont.) 




Field Variable 


Value 


3 PALU 


+ 



Description 

Percent of area in this land use category 
that has the soil and slope properties 
to be defined on this R card. PALU values 
are summed for all R cards specifying the 
same land use and if this summation is 
less than 100 percent R cards only sample 
land use in the basin and that sample 
will be expanded to include the entire 
basin by the program. 

XLTH * The length of lot in the direction of the 

ground slope expressed In feet. This must be 
an average value for the percent of land 
use shown on this R. card. 

iS ff The lot slope is entered in percent and 

for those lots sloping away from the 
street it should be a plus value. 

Those lots sloping towards the street can 
be entered as having a negative slope in 
percent and will be considered as contrib- 
uting sediment to the streets or impervious 
surface system. Use the same technique 
for impervious areas other than streets. 

GCOV # This is a cropping-management factor in 

% (see the universal soil loss equation.) 
Its values are identified in that reference. 
As used here it is a ground cover factor to 
ratio erosion from land having vegetation 
or some other cover to the erosion plot 
values determined by the equation. 

ECP * The erosion control practice factor (P) in 1, 

is included because 1t is part of the 
universal soils loss equation. The standard 
default value in this program is one. A 
table of factors on contouring or terracing 
is included. 

^K; 4 This is the soil erodibility factor (K) for 

the universal soil loss equation. Its value 
needs to be determined by soils experts . 

Hi^ * The sediment delivery ratio 1s a factor that 

accounts for deposition In the basin between 
the erosion plot being analyzed and the basin 
outflow point. A standard default value 
of for those lots sloping away from street, 
and one for those lots sloping towards the 
street or unimpervlous area. 



END Card 



After the last R Card. Include a card with the word "END" In the first 
three columns to identify that all sediment yield data has been entered. 



i+og 



T Cards 



Treatment rate and storage capacity alternative. 

T1 Card (required) 

Field Variable Value 




1 



MAX 



D escri ption 

Tl Card identification. 

♦ number, integer, of treatment rates to 
be investigated. MAX sets of T2 through 
T 5 cards, as required, will be input. 

(maximum =20). 



T2 Card (required) 
Treatment rate, storage capacity and pollutograph data. 
Field Variable Value Description 

Card identification. 




1 



TRATER(M) 



T2 

+ 



Treatment rate in inches per hour 
for NX (T2-2) storage capacities. 



NX 



IPOLMX 



IPLOT 



IPRINT 



+ Number of storage capacities (on T3 cards) 
to be used in conjunction with above 
treatment rate (default = 1, maximum =20). 

♦ r<umber of selected events to be printed 
as listed by event number on T4 card. 
If this is used, lEVHT, (31-6), must 
De greater than zero. 

1 'lo selected events. 

Do not plot storage utilization curve. 

1 Plot storage utilization curve. 

Suppress printout of individual events. 
Only sunmary information will be printed 
for quantity and quality analyses. 

\ Print all events for quantity analysis and 

summary listing for both. 

2 Print all events for quality analysis and 
suiana ry listing for both. 

3 Print all events and summaries for both 
quantity and quality. 



k\Q 



T2 Card (cont.) 




Field Variable 


Value 


6 IPRTS 


Q 




1 



7 lERDMX 

T3 Card (required) 
Storage capacities. 
Field Variable 



1 capr(m,i) 

2 CAPR{M,2) 

T4 Card (required if 
Event numbers for pel 
Field Variable 


1 IPOLUT(l) 

2 IP0LUT(2) 



Description 

Suppress event listing for sediment 
report. 

Print land surface erosion information 
for each event suppressing breakdown by 
individual urban land use. 

Print complete land surface erosion 
information for each event. 

Number, integer, of events for which 
complete land surface erosion information 
is required. Not used if IPRTS is 1 or 2. 
Maximum of 20. Event numbers are specified 
on T5 cards. 



Description 

Card identification. 

Storage capacity in inches for first 
of NX (T2-2) storages to be analyzed. 

+ Storage capacity in inches for second 
storage to be analyzed. This and the 
remaining storages are to be entered in 
successive fields. 

IPOLMX (T2-3) > 0) 

lutographs. 

Value Description 

T4 Card identification. 

+ Event number of first of IPOLMX (T2-3) 
selected events to be printed. 

+ Event number of second selected event 
to be printed. This and remaining 
events are to be entered in successive 
fields. 



Value 
T3 

+ 



i»)l 



T5 Card (required if lERDMX (T2-7) > 0) 

Event numbers for printing of land surface erosion data. 

Field Variable Value Description 

T5 Card identification. 

1 lERD(l) * Event number of first of lERUMX (T2-7) 

selected events for which land surface 
erosion data is to be printed. 

2 IERD(2) * Event number for second selected event. 

Similarly for remaining events. 



k\2 



NOTE 1 



Defaults* for quality data are as follows; 

NCLEAN (Fl-5) 

Sweeping 
Interval. Days 






Variable Mane 

Land Use 
Single Family Res. 
Multiple Family Res. 
Conmercial 
Industrial 
Open or Park 



90.0 
90.0 
90.0 
90.0 
90.0 



DD (F2-1)* 

DO rate 

Ib/dy/lOQ ft SUS 

a 11.1 

2.3 8.0 

3,3 17.0 

4.6 6.7 

1.5 11.1 



FRACTN (F2-3, 7)* 

Lbs Pollutant/100 lbs DD 



SET 


BOD 


NIT 


-^ 


IJl 


.500 


.048 


,005 


.8 


.360 


.061 


.005 


1,7 


.770 


.041 


.007 


.J 


.300 


.043 


.003 


1*1 


.500 


.048 


.005 



* Data obtained from American Public Works Association. "Water Pollution Aspects of Urban Runoff," 
Water Pollution Control Research Series. Federal Water Pollution Control Administration, Report 
No. WP-20-15. January 1969. 



*- 
*- 



NOTE 2 
Suggested* Values for Nonurban Pollutant Loading Rates: 

Input Variable POL (J-1, 5)* 

Lbs. Poll utant/Day/ Acre 

Land Use Suspended Settleable B5d N RJJ 

Open Space and Rural .03 .007 .003 

Agricultural (pastures) 3.1 ,5 .35 

Agricultural (farming) .02 .23 .07 

Forests (Douglas Fir) .01 .002 .00002 



♦Values obtained from Cornell, Hov/land, Hayes and Merryfleld, Seattle, WA. Heneral data are not 
currently available for suspended and settleable solids; consult local water quality experts 
concerninq these values. 



SUMMARY OF INPUT CARDS 



Urban 

VJatershecl 

Data 



A U/ RECVRT 
OCT NOV 



Job Spec- 
ifications 




DEC 



J L 



J L 



jmJ 



RECVRT 
FrBi HAR 



Apd MAY I .IIInI JLli 



-AUfi. 



A E2/ AREA CPERV CIMP RFU IQU DVU OVUM 



1 



\ 



wu 



ceo 



1 



fIXL 



G EXPTE 



REFF 



1 



D2A)'iATE.MAX.MIN,ITEMP in format 5X.I6.2I3,55X,I3 



E.MAX.MIN.ITE 



t 5X,I6,2I3,5J 



"^ 



Dl/lTAPE IFILE IFREZ IPACK ITMP COEF 



Precipitation 
Data 



k c^rd indicates end of KRAIN data on cards. 



KRAIN in format 2X, 16,2413 

I I r i L 



J L 



NAME (col. 3-32} 



1 



IN IFILE IST/iRT lEND 



^ 



i 



1 



± 



LEXT LINE. LDATE LHR 



J L 



ABmWSHp ISNONOTJURB IS© IQUAL lEVN 



t 



1 



J L 



tie information for each page heading on this card. 



J 1 



1 



J_ 



I i 



Title. 



J \ \ L 



/ AAl 


/ 






Title 
















,;■ 
























■' 


\ 


















1 


' 


3 


4 


5 


6 


7 


8 


9 


10 



J 



J 



/ 



) 



/ 



/ 



k Required cards. Other cards are required depending upon input options. 



DQN 1 MDAT 



Nonurban 
Watershed Data / K1 



H2/ RECVN 

QCTl NQJ Q£d L 




I 



blank card 
I <2 c4rds 



ndicates end of 



tes end 



J I 



QN 



J L 



^ f ■ ■ » ■ ■ I 

_\ \ I \ L_J L 



1 



J L 



H2X)EPRN RECVN 

JAf^ FEBi MARl APR I MAY I JtJN I JUL 1 &uLSE2 



HI Mean cn rfn iqn dvn dvnmx wn exptn, 

I I i J I I L 



G2/ .3 . QU , blank card Indicates and of, 

I G2 Icards I II I 



1 L 



QU 



Urban 

Watershed , 

Data (cent)/ G2/IDQU HDATE QU 

G1 



J L 



J L 



J L 



J L 



J L 



AF2/ DD FRACTN 

J \ \ L 



AFIKNOUSEPRCN 



FIMP STLEN NCLEAN 



J 



) 



J 



J 



J 



J 



J 



}Qj 



i Required cards. Other cards are required depending upon input options. 



'tis 



storage , Treat 
ment and 
Pollutograph 
Data 



CAPR 



Land 
Surface 
Erosion 
Data 




computer 
-J 



ERD 



"^®'I i^5t^ end-of-ioD^card or another 
card foilowea by A cards, etc. i 



execute 



1 



J L_J I 



rtUT 



J \ I I 



J t_J L 



ATFR NX IPniMX IPLOT IPPINT.IPRTS .IFRDM 



a IPniMX IPLOT 



J L 



J L 



1 



J I 



PALI) XLTH XS GCOV ECP XK SDR 



J \ L 



TEFF 



J \ [ I I I I 



PALU XLTH 



rjSG DEPTH 



(S RCOV 



riSG SLOPE 
_J L 



XK 

J L 



1 



1 



MDS MPO MCSC '1CSr, WF RMI SMEC 

-J I I [ \ L i 

of son series 



J \ \ \ L 



se as many as needed w1 




A Required cards. Other cards are required dependinq upon Input options, 
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APPENDIX E 



BLANK TAPE ORDER SHEET 



SWMM 



D ISTRIBUTED TAPE 



VOLSER 
TRACK 
DENSITY = 
LABELS = 

pea 



7/9 

200/556/800/1 600/6250 

NL/SL 

(RECFM = FB, LRECL = 80, BLKSIZE = 8OO) 



FILE 



DSNAME 



DESCRIPTION 



t 
2 
3 
k 
5 
6 

7 

8 

9 
10 
It 

12 

13 



MAIN 

RUNOFF 

TRANSPORT 

STORAGE 

RECEIVE 

TEST DATA 

AES 1 

AES2 

RAIN 

HYETO 

LUMP 

STORM 

CORE 



SWMM MAIN BLOCK 

SWMM RUNOFF BLOCK 

SWMM TRANSPORT BLOCK 

SWMM STORAGE BLOCK 

SWMM RECEIVING BLOCK 

SWMM TEST DATA BLOCK 

DATA BANK PROCESSING PROGRAM 1 

DATA BANK PROCESSING PROGRAM 2 

RAINFALL ANALYSIS PROGRAM 

SHORT INTERVAL RAIN DATA PROCESSING 

GENERALIZED WATER QUALITY MODEL 

STORM 

ASSEMBLER SUBROUTINE REQUIRED BY STORM 



Tapes are available from: Water Resources, Branch, Ontario Ministry of the 
Environment, 135 St. Clair Ave. W. , Toronto, Ontario HkM 1P5. 



^ 



TD Storm water management 

gg5 model study ; volume HI, 

gyg user's manual / 

1977 78869 



